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PREFACE. 

After  much  delay,  for  which  the  Author  begs  to  tender 
his  apologies,  this  Volume  II.  is  now  laid  before  its  future 
readers.  The  retardation  has  been  due  to  various  causes, 
but  chiefly  to  the  bringing  out  of  other  works  which  the 
writer  felt  impelled  to  finish  first.  One  of  these,  The 
AUematvtig-Current  Cwcuit,  now  forms  Chapter  XI.  in 
the  present  volume;  though  it  will  still  continue  to  be 
published,  with  slight  additions,  as  a  separate  book. 
Another,  Electric  Wiring,  Fittings^  Switches,  and  Lamps, 
which  was  originally  intended  eventually  to  form  part  of 
this  Volume  II.,  will,  owing  to  the  matter  of  bulk,  have 
to  remain  a  separate  and  supplementary  volume. 

In  the  early  work  on  this  book  the  Author  received  much 
kind  assistance  from  Mr.  Charles  H.  Ye  am  an  ;  and,  in 
its  completion,  very  material  help,  in  the  way  of  revision 
and  the  initial  preparation  of  the  drawings,  from  Mr. 
Llew.  R.  Lester.  Sincere  thanks  are  tendered  to  both 
of  these  gentlemen. 

With  the  double  object  of  rendering  the  matter  as 
correct — and  the  phraseology  as  clear — as  possible,  the 
work  has  been  subjected  to  repeated  and  very  close 
revision. 

W.  P.  M, 

Waddon,  Surrey, 

Aug^tst,  1903, 
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CHAPTER  X. 

The  figures  refer  to  the  numbered  parcufraphs. 

Characteristic  Curve,  1.  Characteristic  Curve  and  Behaviour  of  a 
Series  Dynamo.  Armature  Reaction,  2.  Internal  and  External 
Characteristic  Curves,  3.  Series  Dynamos  for  Arc  Lighting,  4. 
Characteristic  Curve  and  Behaviour  of  a  Shunt  Dynamo,  5.  Be- 
haviour of  Series  and  Shunt  Dynamos  on  Series  and  Parallel 
Circuits,  6.  Reversal  of  Polarity  of  Dynamos,  7.  Characteristic 
Curve  and  Behaviour  of  a  Compound  Dynamo,  8.  Efficiency 
of  Dynamos,  9.  Regulators,  10.  Shunt  and  Compound  Regu- 
lators, 11.  Series  Regulators,  12.  Automatic  Regulators,  13. 
Coupling  of  Dynamos  in  Series  or  in  Parallel,  14.  Changing  of 
Connections,  etc.,  to  enable  a  Dynamo  to  be  run  in  a  Contrary 
Direction,  15.  Dynamo  Design,  16.  Cores  of  F.Ms,  and 
Armatures.  Polepieces,  17.  Connection  between  Winding, 
Field,  Speed,  and  E.M.F.  of  a  Dynamo,  18.  Design  of  2-pole 
Dynamos,  19.     Design  of  2-pole  Dynamos  (cont.),  20.     E.M.F. 
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of  Multipolar  Dynamos,  21,  Terjrdnal  P.D.  of  a  Dynamo, 
22.  Calculation  of  F.M.  winding,  23.  Other  Dynamo  Calcu- 
lations, 24.  Heating  of  Dynamos,  25.  Faults  in  Dynamos,  26. 
Methods  of  Driving  Dynamos,  27.  Horse-power,  28.  Questions, 
jxi/ge  63. 

Chapter,  parcujraph,  and  figure  numbers  in  italics  refer  to  Vol.  I, 
{bth  Ed.) ;  and  tJiose  in  heavy  type  to  "  Electric  Wiring,  Fittings, 
Switches^  and  Lamps"  (Srd  Ed.), 


*1.  Characteristic  Curve. — In  Chap.  VI.  a  "curve " 
was  defined  as  a  diagram  in  which  a  cw^ed  or  straight  line 
is  employed  to  represent  the  relation  of  certain  varying 
quantities  to  each  other.  A  *'  curve  "  may  also  have  a  zigzag 
form*  When  one  of  the  two  quantities  to  which  the 
"  curve  "  relates  increases  or  decreases  in  direct  proportion 
to  the  other,  the  "  curve  "  takes  the  form  of  a  straight  line. 
When  one  increases  or  decreases  gradually  with  respect  to 
the  other  varying  quantity,  but  not  in  direct  proportion, 
the  "  curve  '*  is  truly  a  curve.  When  one  or  both  quantities 
change  suddenly,  the  "curve**  is  a  zigzag  line. 

The  term  characteristic  cw^e  is  used  in  the  same  sense, 
but  generally  refers  to  the  characteristic  qualities  of  a 
dynamo,  alternator,  or  motor. 

We  saw  in  Chap.  VL  that  curves  of  induction  are  of  great 
service  in  rendering  our  ideas  of  magnetism  precise.  In 
the  same  way  that  these  enable  us  to  deduce  the  behaviour 
of  different  samples  of  iron  or  steel  under  different 
magnetic  forces,  so  the  characteristic  curves  of  dynamos 
tell  us  at  a  glance  how  a  machine  will  act  under  given 
circumstances.  It  will  be  evident,  from  what  has  already 
been  said,  that  a  "  curve  "  may  represent  the  variation  of 
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one  quantity  when  we  intentionally  vary  another,  provided 
the  two  quantities  are  related  in  some  definite  manner  to 
each  other. 

*2.  Characteristic  Curve  and  Behaviour  of  a 
Series  Dynamo.  Armature  Eeaction. — Fig.  1  shows 
the  characteristic  curve  of  a  series  dynamo,  and  should 
be  studied  in  conjunction  with  Fig.  2,  where  a  diagram  of 
the  connections  of  such  a  machine  is  given.  In  plotting 
this  curve,  the  dynamo  was  driven  at  a  speed  of  1000 
revolutions  per  minute,  and  the  resistance  in  the  external 
circuit  was  varied  so  as  to  give  different  currents:  the 
resistance  being  high  to  start  with,  and  reduced  for  each 
succeeding  test.  The  current  values  were  obtained  from 
an  ammeter  placed  in  the  circuit,  while  the  corresponding 
pressures  or  P.Ds.  were  measured  by  a  voltmeter  connected 
across  the  dynamo  terminals.  Abscissae,  or  horizontal 
distances  (Chap.  F/.),  represent  amperes;  and  ordinates, 
or  vertical  distances,  the  volts  P.D.  at  the  terminals. 

The  curve  was  got  by  first  marking  the  position  of 
certain  points  on  the  paper,  and  then  drawing  a  curved 
line  (by  the  help  of  a  flexible  wood  batten  for  instance) 
which  passed  through  as  many  of  these  points  as  possible. 
Each  of  these  points  represents  the  result  of  a  test.  Thus, 
suppose  that  when  the  ammeter  indicates  a  current  of  10 
amperes,  the  P.D.  observed  at  the  terminals  is  87  volts. 
Running  our  finger  along  the  abscissae,  we  come  to  a  line 
representing  10  amperes,  and  on  the  ordinates  we  take  a 
line  the  proper  number  of  divisions  up  to  represent  87  volts: 
follow  these  two  lines  until  they  intersect,  and  the  point  of 
intersection  is  a  point  on  our  curve.  Now  slightly  reduce 
the  resistance,  and  suppose  the  current  is  then  20  amperes, 
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and  the  P.D.  178  volts :  pick  out  the  corresponding  abscissa 
and  ordinate,  and  where  these  intersect  we  have  another 
point  on  the  curve.  These  and  succeeding  points  got  by 
further  reducing  the  resistance  step  by  step,  and  observing 
the  resulting  P.D.  and  current,  are  indicated  by  the 
crosses. 
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Fig.  1. — Characteristic  Curve  of  a  Series  Dynamo. 

Thus,  in  plotting  a  curve  of  any  kind,  it  is  necessary  to 
make  a  series  of  observations  which  will  give  points  well 
separated  on  the  paper,  taking  a  sufficient  number  to 
show  any  peculiarities  at  any  part,  and  then  draw  a  line 
which  shall  pass  through  as  many  of  them  as  possible. 
Some  of  the  points  may  be  left  untouched  on  one  side 
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and  some  on  the  other,  this  being  due  to  slight  errors  of 
observation.  When  once  the  curve  has  been  obtained,  we 
may  compare  any  pair  of  corresponding  values  at  any 
place  on  the  curve. 

In  this  and  other  curves  illustrated  herein,  only  the 
main  abscissae  and  ordinate  lines  are  shown  in  the  diagram, 
the  intermediate  ones  being  left  out  to  render  the  figure 
clearer.  The  appearance  of  an  actual  small  piece  of 
*'  squared  paper "  is  shown  full  size  in  Chap.    VI, ;  and 


EXT.  CIRCUIT 
Fig.  2. — Connections  of  a  Series  Dynamo. 

when  it  is  remembered  that  a  curve  like  that  in  Fig.  1  is 
originally  drawn  on  a  sheet  perhaps  a  foot  square,  or  even 
larger,  it  is  evident  that  the  intermediate  lines  must  be 
omitted  when  the  curve  is  reduced  in  size. 

Referring  again  to  the  curve  in  Fig.  1,  from  a 
reference  to  Fig.  2  it  will  be  clear  that  the  greater 
the  resistance  in  circuit  with  a  series  machine,  the  less 
will  be  its  E.M.F.  and  current  at  a  given  speed :  while  if 
the  circuit  resistance  be  gradually  diminished,  the  E.M.F, 
and   current  will   increase   as  long  as   the   F.M.  is  not 
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saturated.  A  few  series  machines  give  their  greatest 
current  when  short-circuited,  and  every  care  has  to  be 
taken  to  prevent  such  a  thing-  occurring,  as  it  would  pro- 
bably result  in  the  burning  out  of  the  armature  and  F.M. 
coils.  In  others,  the  armature  reaction  (see  below)  is  so 
great  that  the  current  on  short  circuit  is  not  excessive. 
A  series  dynamo  in  this  respect  differs  essentially  from 
a  shunt  dynamo,  for  if  the  terminals  of  the  latter  be 
short-circuited  (Fig.  3),  the  effect  is  to  shunt  all  the 
current  from  the  F.M.  coils,  so  that  the  E.M.F.  drops 
practically  to  zero. 

In  plotting  the  curve  of  a  series  machine,  we  first  start 
with  so  high  a  resistance  in  the  external  circuit,  that  the 
volts  and  amperes  given  are  very  few.  Thus  we  obtain 
the  first  point  on  the  curve.  Diminish  the  resistance 
slightly,  and  the  P.D.  and  current  will  increase.  In  each 
succeeding  observation,  the  resistance  is  diminished,  and 
thus  the  values  for  P.D.  and  current  get  higher  and  higher. 
At  length,  however,  though  the  current  continues  to  increase, 
the  P.D.  drops  owing  to  the  F.M.  becoming  saturated,  and 
to  the  reaction  of  the  armature.  The  cause  of  the  latter  is  as 
follows.  The  effect  of  the  current  circulating  in  a  ring  or 
drum  armature  is  to  magnetize  the  core  in  a  direction  at 
right  angles  with  the  direction  of  the  field  of  the  dynamo. 
This  cross-magnetization  tends  to  react  upon  and  weaken 
the  field  in  which  the  armature  is  placed,  and  this  reaction 
increases  as  the  current  drawn  from  the  armature  is 
increased.  The  armature  also  reacts  upon  and  weakens 
the  field  in  many  other  ways  which  cannot  be  considered 
here. 

When  a  curve  has  been  drawn,  it  will  resemble  that 
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shown  in  Fig.  1,  for  the  curves  of  all  series  machines  are 
more  or  less  alike.  On  examining  the  curve,  it  will  be 
noticed  that  at  first  the  volts  increase  very  rapidly  for  a 
given  increase  in  the  current :  this  is  caused  by  the  in- 
creasing current  round  the  F.Ms,  giving  rise  to  more  lines 
of  force  in  the  field.  After  a  time,  however,  the  curve 
begins  to  bend  more  and  more,  and  eventually  it  droops 
towards  the  base.  This  shows,  that  after  a  certain  stage  a 
given  increase  in  the  current  gives  fewer  additional  lines 
to  the  field,  and  consequently  the  E.M.F.  incrieases  but 
sldwly :  this  being  due  to  the  cores  of  the  F.Ms,  becoming 
saturated.  The  armature  reaction  before  alluded  to  then 
becomes  overpowering,  and  the  curve  turns  downwards. 

It  will  be  seen  that  the  curve  does  not  begin  exactly 
at  zero,  but  a  little  way  up  the  vertical  line.  This  indicates 
the  existence  of  a  small  E.M.F.  before  the  current  begins 
to  flow,  t. c.  when  the  dynamo  is  on  open  circuit;  this 
E.M.F.  beincr  due  to  the  residual  magnetism  of  the  F.M. 
cores,  without  which  no  machine  could  excite  itself.  If  the 
machine  be  run  at  different  speeds,  the  resultant  curves 
will  vary  as  to  pressures,  but  they  will  all  have  the  same 
general  shape. 

*3.  Internal  and  External  Characteristic  Curves. 
— A  curve  (such  as  the  one  just  described)  which  gives 
the  relation  between  the  current  and  the  terminal  P.D. 
is  called  an  external  characteristic ;  to  distinguish  it  from 
an  internal  characteristic,  i.  e.  a  curve  showing  the  relation 
between  the  current  and  the  E.M.F.  generated  in  the 
machine.  The  external  characteristic  is  not  only  more 
useful,  but  is  easier  to  plot  than  the  internal  characteristic, 
for  the  reason  that  in  the   latter   case   the   E.M.F.  has 
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to  be  got  by  calculation,  such  as  by  multiplying  together 
the  current  and  the  total  resistance  of  armature,  F.Ms., 
and  external  circuit;  allowance  having  to  be  made  for 
armature  reactions.  The  P.D.  at  the  terminals,  on  the 
other  hand,  the  volts  of  which  we  use  for  getting  out  an 
external  characteristic,  is  easily  and  correctly  read  off  by 
means  of  a  voltmeter. 

In  speaking  of  the  characteristic  curve  of  a  dynamo,  it 
is  the  external  characteristic  which  is  generally  implied. 

4.  Series  Dynamos  for  Arc  Lighting. — Dynamos  for 
series  arc  lighting  (§§  179  and  196)  are  generally  series 
wound,  the  current  having  to  be  kept  constant  while  the 
circuit  resistance  varies  owing  to  fluctuations  in  the  posi- 
tions of  the  lamp  carbons,  or  to  alterations  in  the  number 
of  lamps  in  circuit.  The  characteristic  curve  which  should 
be  given  by  a  machine  for  such  work  is  known  as  a  droop- 
ing charojcteristic.  The  cause  of  this  drooping  is  due, 
among  other  things,  to  the  early  saturation  of  the  F.M. 
cores,  and  the  consequent  increased  effect  of  the  reaction 
of  the  armature  (§  2).  It  follows  from  this  that  dynamos 
for  this  work  must  have  comparatively  little  metal  in  their 
magnets,  or  else  metal  of  low  permeability. 

Let  us  try  to  understand  how  a  machine  with  a  droop- 
ing characteristic  fulfils  the  necessities  of  a  series  arc- 
lighting  circuit.  Starting  from  the  point  P  (Fig.  1),  where 
the  curve  begins  to  bend  downwards,  it  is  evident  that  as  the 
current  values  increase  the  terminal  pressure  decreases. 
Now  as  the  current  in  a  circuit  cannot  possibly  increase 
while  the  P.D.  decreases  unless  the  circuit  resistance 
decreases  more  rapidly  than  the  P.D.,  it  follows  that  a 
considerable  decrease  in  the  resistance  of  the  arc  lamp 
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circuit — due,  say,  to  the  feeding  forward  of  some  of  tbe 
carbons,  or  to  the  cutting  out  of  two  or  three  lamps — tends 
to  produce  but  a  small  increase  of  current,  and  that  this 
latter  is  opposed  by  a  corresponding  decrease  of  pressure. 
On  the  other  hand,  an  increase  of  the  circuit  resistance — 
due,  say,  to  the  lengthening  of  some  of  the  arcs,  or  to  the 
switching  in  of  lamps — tends  to  produce  a  small  diminution 
of  the  current,  and  this  tendency  is  counterbalanced  by  a 
corresponding  increase  of  pressure. 

This  self-regulating  effect  is  not  sufficient  compensation 
for  any  material  alteration  in  the  number  of  lamps  in 
circuit ;  variations  in  circuit  resistance  due  to  this  being 
provided  for  by  some  kind  of  automatic  regulator,  that  in 
use  on  the  Thomson-Houston  arc  dynamo  being  illustrated 
in  §  198  in  the  fourth  and  previous  editions  of  Vol.  I. 
Special  dynamos  for  series  arc  lighting  are  not  very  much 
used  now-a-days,  the  general  practice  being  to  run  the  lamps 
in  series  groups  of  two,  three,  four  or  more  off  the  ordinary 
constant  potential  supply  mains  (Chaps.  I.  and  XVII.). 

*5.  Characteristic  Curve  and  Behaviour  of  a 
Shunt  Dynamo. — A  shunt  dynamo  is  very  different  in 
action  from  a  series  dynamo.  From  Fig.  3  it  will  be  clear 
that,  unlike  the  series  machine,  a  shunt  machine  gives 
the  greatest  P.D.  at  its  terminals  when  the  external 
circuit  resistance  is  greatest;  as  then  practically  all  the 
current  goes  round  the  F.M.,  which  latter  is  con- 
sequently magnetized  to  its  greatest  power.  As  the 
resistance  of  the  external  circuit  diminishes,  the  drop  of 
volts  (Chaps.  ///.  and  IV.)  caused  by  the  armature  resist- 
ance increases  ;  and  the  excitation  of  the  field  magnet,  and 
the  P.D.  at  the  terminals,  diniinish.    Suppose,  for  the  sake 
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of  argument,  that  the  external  resistance  were  equal  to  the 
F.M.  resistance ;  half  the  total  current  would  then  pass 
through  the  external  circuit,  and  half  round  the  F.M. 
If  the  external  resistance  were  still  further  decreased, 
more  current  would  pass  through  the  external  than 
through  the  F.M.  circuit:  and  this  is  the  usual  condition 
of  things,  the  F.M.  coils  having  30  or  40  or  more  times 
the  resistance'  of  the  external  circuit.  With  every 
decrease  in  the  external  circuit  resistance,  the  E.M.F.  of 


EXT  CIRCUIT 
Fig.  3.— Connections  of*  a  Shunt  Dynamo. 

the  machine  and  the  P.D.  at  its  terminals  will  decrease. 
In  other  words,  a  shunt  dynamo  is  not  a  constant  potential 
machine,  unless  specially  well  designed,  for  the  E.M.F. 
induced  in  the  armature  changes  with  every  variation  of 
the  external  circuit  resistance.  If  the  external  circuit 
resistance  be  very  low  indeed,  as  would  be  the  case  if 
the  terminals  of  the  machine  were  short-circuited  by  a 
short,  thick  cable,  practically  all  the  current  will  be 
shunted  ofif  the  F.M.,  and  the  E.M.F.  of  the  machine, 
and  also  the  P.D.  at  its  terminals,  will  drop  almost  to  zero. 
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In  these  respects  it  will   be  seen  that  the  action  of  a 
shunt  machine  is  the  reverse  of  that  of  a  series  machine. 

Fig.  4  illustrates  the  general  form  of  the  characteristic 
curve  obtained  from  a  shunt-wound  dynamo.^  It  is  the 
external  characteristic,  as  the  ordinates  represent  the  volts 
or  pressure  at  the  terminals,  not  the  total  E.M.F.  (§  3). 
The  little  crosses  indicating  in  Fig.  1  the  dififerent  observ- 
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Fig.  4. — Characteristic  Curve  of  a  ShuDt  Dynamo. 

ations  which  were  made,  and  which  gave  various  points 
on  the  curve,  are  omitted  from  the  present  figure. 

Starting  with  the  external  resistance  so  great  that  there 
was  no  current  in  the  outer  circuit,  that  is,  with  the 
external  circuit  broken  altogether,  the  P.D.  was  at  its 
maximum,  viz.  about  450  volts.  When  the  resistance  was 
so  far  reduced  as  to  give  about  60  amperes,  the  P.D.  fell 

^  This  curve  was  taken  from  a  2-pole,  100  k.w.  machine  recently 
built  by  Messrs.  Ernest  Scott  and  Mountain. 
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to  440  volts.  When  the  current  was  120  amperes,  the 
RD.  had  fallen  to  430  volts,  and  when  the  current  had 
further  increased  to  187  amperes  the  pressure  was  400 
volts.  At  210  amperes  we  see  that  it  had  fallen  to  about 
350  volts. 

It  is  obvious  that  there  must  be  some  limit  to  the 
increase  of  current  in  the  external  circuit.  At  first, 
the  amount  of  current  shunted  from  the  field  magnets 
makes  very  little  difference  in  the  strength  of  the  field, 
and  consequently  the  P.D.  falls  but  slightly.  After  a 
time,  however,  the  P.D.  begins  to  fall  faster,  and  the 
curve  droops  more  and  more  sharply.  At  last  a  point  is 
reached  (in  this  case  when  the  current  is  214  amperes,  and 
the  P.D.  at  terminals  315  volts)  when  the  volts  begin  to 
decrease  faster  than  the  resistance :  and  in  consequence, 
the  current  begins  to  decrease,  and  the  curve  if  continued 
takes  a  backward  turn.  This  goes  on  until  the  external 
resistance  is  at  its  lowest,  and  the  volts,  and  consequently 
the  amperes  also,  have  fallen  to  zero.  As  there  is  always 
a  certain  amount  of  residual  magnetism  in  the  F.Ms.,  the 
curve  ought  to  end  a  short  distance  to  the  right  of  zero, 
indicating  the  existence  of  a  very  small  current. 

This  latter  portion  of  the  curve  is  unstable,  and  is  there- 
fore dotted  in.  In  other  words,  though  the  speed  and  circuit 
resistance  be  kept  constant,  the  pressure  and  current  will 
vary  in  a  most  erratic  manner.  The  reason  of  this  is  that 
the  pressure  at  the  terminals  has  dropped  to  a  value  too 
small  to  send  a  sufficient  magnetizing  current  round  the 
field  magnet,  so  that  the  magnetization  of  the  latter,  having 
been  gradually  reduced  from  the  maximum,  and  being  in 
consequence  hyper-residual,  is  unstable,  and  liable  to  fall 


§  6.]  ACTION  OF  SERIES  DYNAMOS.  13 

away  by  fits  and  starts.  It  may  be  mentioned  that  tbe 
dotted  part  of  the  curve  in  Fig.  4  is  not  the  result  of 
experiment,  but  has  been  drawn  in  from  knowledge  of  the 
form  this  portion  of  the  curve  would  generally  take. 

*6.  Behaviour  of  Series  and  Shunt  Dynamos  on 
Series  and  Parallel  Circuits. — A  number  of  devices, 
such  as  lamps,  are  arranged  either  in  series  or  in  parallel. 
The  insertion  of  additional  lamps  on  a  series  circuit  in- 
creases its  resistance,  but  on  a  shunt  or  parallel  circuit  the 
resistance  is  decreased  thereby.  Conversely,  the  cutting 
out  of  lamps  on  a  series  circuit  diminishes  the  circuit  resist- 
ance, while  on  a  parallel  circuit  the  resistance  would  be 
increased  (Chap.  IV.). 

It  is  interesting  to  notice  the  behaviour  of  simple  series 
and  shunt  machines  under  such  circumstances.  In  Fig.  5  (a) 
a  series  machine  is  represented  as  joined  up  with  a  series 
lamp  circuit,  on  which  it  is  essential  that  the  current 
be  kept  constant.  If  lamps  are  switched  "  on  "  or  *'  off," 
the  resistance  will  be  respectively  increased  or  decreased ; 
and  the  current  will  in  the  first  case  decrease  and  in  the 
second  case  increase.  Hence  ordinary  series  machines  are 
of  little  use  under  such  circumstances,  without  the  addition 
of  regulating  devices  (§§4  and  13).  The  matter,  however, 
is  greatly  dependent  on  the  size  and  design  of  the  dynamo, 
as  large  well-constructed  series  machines  will  work  very 
satisfactorily  on  variable  series  circuits  (§  4). 

In  Fig.  5  (6)  we  have  a  series  dynamo  joined  up  with 
a  parallel  circuit.  Here  the  insertion  of  fresh  lamps 
decreases  the  resistance,  and  vice  versd.  On  a  parallel 
lamp  circuit  it  is  necessary  to  keep  the  pressure  constant ; 
but  in  this  case  the  pressure  will  be  anything  but  constant. 
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Starting  with  fewest  lamps  in  circuit,  the  pressure  will  be 
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Fio.  5. — Connection  of  Series  and  Shunt  Djmamos  to  Series 
and  Parallel  Circuits. 

very  low  indeed,  but  will  gradually  rise  to  a  maximum  as 
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more  lamps  are  added.  During  a  slight  further  increase 
in  the  number  of  lamps  the  pressure  will  remain  fairly 
constant,  but  will  afterwards  gradually  drop  as  more  are 
connected  in  circuit.  Hence  a  plain  series  dynamo  is  of 
no  use  for  this  work. 

In  Fig.  5  (c)  a  shunt  machine  is  shown  joined  up  with  a 
series  circuit,  where,  it  will  be  remembered,  the  current  has 
to  be  kept  constant.  In  this  case,  if  the  circuit  resistance 
be  increased  from  a  low  value  by  the  addition  of  lamps, 
the  current  will  first  of  all  increase  very  rapidly ;  then, 
as  a  few  more  lamps  are  added,  remain  fairly  constant ; 
and  lastly,  with  a  further  increase  of  resistance,  decrease 
rapidly.  The  action  of  a  shunt  machine  on  a  variable 
series  circuit  is  thus  very  erratic.  Unless  the  variation  of 
the  external  circuit  resistance  is  limited,  a  shunt  dynamo 
cannot  be  depended  upon  for  such  a  service. 

In  Fig.  5  (d)  a  shunt  machine  is  shown  in  conjunction 
with  a  parallel  circuit.  When  there  are  few  lamps  in 
circuit,  i.  e.  when  the  resistance  is  greatest,  the  P.D.  at 
the  terminals  will  be  a  maximum.  This  P.D.  will  remain 
fairly  constant  as  more  lamps  are  added,  until  the  circuit 
resistance  is  reduced  to  a  certain  value,  whereupon  the 
terminal  pressure  will  begin  to  fall  very  rapidly,  and  will 
eventually  drop  to  zero.  With  a  large  machine,  the  vari- 
ation of  pressure,  within  certain  limits,  would  be  inappre- 
ciable, as  long  as  the  lamps  were  situated  near  to  it ;  the 
reason  for  which  proviso  is  given  in  the  next  paragraph. 

In  connection  with  shunt  or  compound  dynamos,  it  may 
be  pointed  out  that  it  is  dangerous  to  lift  the  brushes, 
or  to  break  the  shunt  circuit  in  any  way,  while  the  machine 
is  running.     If  the  dynamo  is  on  open  circuit,  the  spark- 
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^vem*  (§  39)  at  the  commutator  or  at  the  point  of  break, 
and  the  possibility  of  shock,  will  be  considerable ;  the  latter 
especially  if  the  attempt  is  made  to  raise  both  brushes 
at  the  same  time.  This  is  chiefly  due  to  the  momentary 
E.M.F.  of  inductance  in  the  field  coils,  which  may  in 
some  cases  be  sufficiently  great  to  break  through  their 
insulation.  If  the  machine  is  supplying  glow  lamps  direct, 
and  the  lamp  circuit  is  closed,  the  E.M.F.  induced  in  the 
field  coils  by  raising  one  or  both  of  the  brushes,  is  likely 
to  cause  a  momentary  flash-up  of  the  lamps,  and  may  burn 
some  of  them  out. 


imm — ^ 


Fig.  6. — Series  Dynamo  and  Battery. 

Generally  speaking  it  is  inadvisable  to  raise  the  brushes 
of  any  dynamo  while  it  is  running,  unless  the  field  coils  be 
first  either  switched  out  or  shunted  through  a  resistance. 

*7.  Reversal  of  Polarity  of  Dynamos. — In  some 
circuits  there  is  an  active  opposing  electro-motive  force 
set  up,  as,  for  instance,  in  the  charging  of  secondary  bat- 
teries. If  the  dynamo  E.M.F.  fall  below  the  battery 
E.M.F.,  the  latter  sets  up  a  current  round  the  circuit  in 
the  reverse  direction.  Suppose  a  series  dynamo  is  joined 
up  with  a  battery,  as  represented  in  Fig.  6;  then  the 
direction  of  the  dynamo  current  through  the  F.M.  coil  i$ 
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iadicated  by  the  firm  line  arrow.  Now  if  from  any  cause, 
such  as  a  temporary  slowing  down  of  the  engine,  the 
dynamo  E.M.F.  should  fall  below  that  of  the  battery,  the 
latter  will  send  a  current  through  the  F.M.  in  the  direction 
shown  by  the  dotted  arrow.  This,  unless  the  dynamo 
recover  itself  very  quickly,  will  result  in  the  reversal  of 
the  polarity  of  the  machine ;  and  the  dynamo  E.M.F.  will 
then  work  in  conjunction  with,  the  battery  E.M.F.,  thus 
setting  up  a  very  heavy  current  in  the  wrong  direction, 
and  endangering  both  generator  and  battery. 

Such   a   state   of  things   cannot   occur  with   a   shunt 


Fia.  7.  —Shunt  Dynamo  and  Battery. 

machine,  as  will  be  clear  from  Fig.  7.  If  the  battery 
E.M.F.  does  overcome  that  of  the  dynamo,  the  current 
round  the  F.M.  will  still  be  in  the  proper  direction,  so  that 
a  reversal  of  polarity  is  not  possible.  Such  an  occurrence 
would  tend  to  strengthen  the  field  of  the  machine,  and  help 
it  once  more  to  overcome  the  battery  E.M.F.,  when  the 
speed  was  again  raised. 

With  compound  machines  there  is  some  risk  of  reversal 
of  polarity  when  used  for  battery  charging,  but  not  so 
much  as  with  series  machines:  and  the  risk  is  slightly 
greater  with  short-shunt  (Fig.  8)  than  with  long- shunt 
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(Fig.  9)  dynamos.  It  depends  on  the  relative  ampere- 
turns  of  the  shunt  and  series  coils,  and  on  the  resistance 
of  the  armature.  If  the  latter  is  so  low  as  (when  station- 
ary)  to  allow  the  ampere-turns  in  the  series  winding  to 


Fig.  8.— Short-shunt  Compound  Dynamo  and  Battery. 

exceed  those  in  the  shunt  winding,  then  reversal  will  take 
place.  It  will  be  seen  on  reference  to  the  figures  that  if 
the  battery  current  runs  back  through  the  dynamo,  the 
shunt  and  series  windings  act  in  opposition,  and  reversal 


Fm.  9. — Long-sliunt  Compound  Dynamo  and  Battery. 

would  take  place  only  if  tlie  exciting  power  of  the  series 
winding  exceeded  that  of  the  shunt.  The  difficulty  could 
be  avoided  by  connecting  a  switch  across  the  terminals  of 
the  series  coil,  as  shown  at  S  in  Figs.  8  and  9,  and  keeping 
the  latter  short-circuited  until  the  machine  was  started. 
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For  the  above  reasons  shunt  machines  are  always  best 
for  use  in  charging  secondary  cells;  and  for  other  work, 
such  as  electro-metallurgical  processes,  where  there  is  a 
tendency  towards  reversal  of  polarity. 

*8.  Characteristic  Curve  and  Behaviour  of  a 
Compound  Dynamo. — Dynamos  are  now  as  a  rule  required 
to  maintain  a  constant  potential  on  parallel  distribution 
mains.  In  incandescent  lighting,  for  instance,  it  is 
necessary  for  the  ma<5hine  to  keep  up  a  constant  P.D. 
between  the  +  and  —  mains,  even  though  the  resistance 
due  to  the  number  of  lamps  in  circuit  may  alter  very 
considerably.  A  series  machine  or  a  poorly-designed 
shunt  machine  would  be  quite  unsuitable  for  such  work ; 
for  the  P.D.  at  the  terminals  of  either  would  alter  with 
every  variation  of  the  external  circuit,  i.  e,  with  every 
alteration  in  the  number  of  lamps  in  use.  A  good  shunt 
machine,  however,  can  maintain  a  fairly  constant  potential 
at  its  terminals  up  to  a  certain  point,  but  this  is  not  all 
that  is  wanted  in  cases  where  a  long  pair  of  "feeders" 
carries  the  current  to  the  distributing  mains.  The  drop  of 
volts  in  these  feeders  varies  with  the  current  demand,  and 
when  the  latter  is  high  the  drop  is  increased,  so  that  an 
increase  in  the  P.D.  at  the  dynamo  terminals  is  required 
to  make  up  for  the  loss.  Now  as  the  voltage  of  a  shunt 
machine  is  at  its  highest  possible  value  when  the  external 
resistance  is  greatest,  it  is  obviously  unsuitable  in  such  a 
case  as  above.  A  compound  machine,  as  will  presently  be 
shown,  may  be  arranged  to  fulfil  the  above  conditions. 

It  will  now  be  demonstrated  that  a  combination  of 
the  series  and  shunt  methods  of  excitation,  as  used  in  com** 
pound   machines,,  is  self-regulating   through  a  circuit  of 
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variable  resistance.  With  a  compound  machine  (Fig.  10), 
if  the  external  resistance  increases,  the  terminal  P.D.  due 
to  the  series  coil  diminishes,  while  that  due  to  the  shunt 
coil  increases,  and  vice  versa.  If  a  machine  is  wound  with 
series  and  shunt  coils  so  proportioned  that  the  P.D.  due  to 
the  one  increases  exactly  as  that  due  to  the  other  diminishes, 
or  the  reverse,  it  is  evident  that  the  machine  will  be  self- 
regulating  within  practical  limits  of  change  of  external  re- 
sistance.    When  the  external  resistance  is  high,  the  shunt 


EXT.  CIRCUIT 
Fig.  10. — Connections  of  a  Compound  Dynamo  (Short  Shimt). 

coil  furnishes  practically  all  the  excitation ;  but  when  it 
is  low,  the  series  coil  helps  the  shunt.  At  any  value  of 
the  external  circuit  resistance,  within  the  working  limits, 
the  sum  of  the  P.Ds.  due  to  both  series  and  shunt  coils 
should  be  equal  to  the  total  P.D.  required.  The  character- 
istic curve  of  a  good  compound  machine  is  thus  a  horizontal 
line  or  nearly  so. 

By  making  the  series  coil  proportionally  more  powerful 
than  the  shunt,  the  characteristic  curve  will  rise  slightly 
as  the  current  increases.     This  rise  of  P.D.  may  be  mad 
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just  sufficient  to  compensate  for  the  loss  of  volts  in  long 
feeders,  and  then  the  machine  will  maintain  ^  constant 
P.D.  at  a  distant  point  of  consumption  of  the  current 
(§  218).  Such  a  machine  is  said  to  be  over-coniprntiidedy  and 
to  have  a  rising  characteristic. 

The  external  characteristic  of  a  150  k.w.  compound 
dynamo^  for  traction  work  is  given  in  Fig.  11.  The 
maintenance  of  uniform  pressure  in  such  work  is  not  so 
necessary  as  in  lighting,  so  that  the  machine  is  only 
partly  over-compounded.  It  should  be  noticed  that  the 
variation  of  voltage  between  100  and  600  amperes  does 
not  exceed  5  or  6.  The  variation  of  10  volts  between 
0  and  100  amperes  is  negligible,  as  the  machine  would 
probably  very  seldom  be  called  upon  to  work  with  such 
light  loads.  This  figure  also  gives  the  efficiency  curve  of 
the  dynamo,  an  explanation  of  which  will  be  found  in  the 
next  paragraph. 

A  compound  machine  is  only  self-regulating  when  it  is 
run  at  its  proper  speed. 

9.  Efficiency  of  Dynamos. — A  portion  of  the  power 
used  in  driving  a  dynamo  is  not  converted  into  electrical 
energy  at  all,  but  is  wasted  in  friction  at  the  bearings, 
brushes,  etc.  Again,  the  electrical  power  developed  by  a 
dynamo  is  not  all  available  for  use  in  the  external  circuit, 
for  part  has  to  be  expended  in  exciting  the  F.Ms.,  and  part 
is  wasted  in  the  machine,  in  the  form  of  heat  developed  in 
the  coils  and  cores,  etc. 

The  power  which  is  expended  in  driving  the  machine 
is  called  the  input ;  while  that  which  is  given  to  the  ex- 

1  Built  by  Messrs.  Ernest  Scott  and  Mountain. 
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■temal  circuit  is  termed  tlie  output  or  usefid  'pc/icer  of  the 
machine. 

The  input  of  a  machine  is  the  power  (expressed  in  H.P.) 
required  to  drive  it. 

The  output  of  a  machine  is  the  P.D.  at  the  terminals 
jnultiplied  by  the  current  supplied  to  the  external  circuit; 
and  is  thus  first  expressed  in  watts  or  kilowatts. 

Example. — If  a  dynamo  give  a  current  of  250  amperes 
at  220  volts,  its  output  is  55,000  watts  or  55  kilowatts; 
and  it  is  termed  a  55  k.w.  machine.  Similarly  one  giving 
1000  amperes  at  1000  volts  is  a  1000  k.w.  machine. 

The  efficieTicy  of  dynamos  is  of  three  kinds — mechanical, 
electrical,  and  commercial. 

The  mechanical  effimency,  or  efficiency  of  conversion,  is 
a  measure  of  the  capability  of  a  dynamo  to  convert 
mechanical  energy  into  electrical  energy.     Thus:  — 

Mechanical  efficiency  in  %  = 

Total  electrical  power  developed  x  100, 
Total  mechanical  power  used  in  driving. 
Both  the  mechanical  and   electrical  power  must  be  ex- 
pressed in  the  same  units,  say  in  watts,  kilowatts,  or  H.P. 
(Chap.  /.). 

Example. —  What  in  the  mechanical  efficiency  of  a  dynamo  which 
takes  140  H.P.  to  drive  it,  tvhen  it  is  generating  a  total  electrical 
power  {including  that  wasted  in  the  machine  itself)  of  100,000 
ivatts? 

Mechanical  efficiency  in  %  =  LOMpO.>Ll 00  ^  laOO^OOO  ^ 

^       ^'         140x746  104,440  ^' 

The  electrical  efficiency,  or  economic  co-efficient,  is  a  measure 
of  the  capability  of  a  dynamo  to  yield  the  electrical  energy 
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generated  within  it  for  useful  work  in  the  external  circuit. 
Thus  :— 

Electrical  efficiency  in  %  = 

Electrical  power  given  to  external  circuit  x  100. 
Total  electrical  power  generated. 

Example. — 'WTiat  is  the  electrical  efficiency  of  a  dynamo  lohich 
generates  a  total  poioer  of  100,000  loatts,  of  which  430  amperes  at  220 
volts  are  delivered  to  the  external  circuit  ? 

Electrical  efficiency  =  Jg^^^^Q>^^QQ^ 94  6  % 
^  100,000  ^° 

The  commercial  or  nett   efficiency  is   that  which   most 

directly  concerns  the  electrical  engineer,  as  it  misses  the 

above  two  intermediate  stages,  and  expresses  how  far  the 

dynamo  is  commercially  useful  as  a  converter  of  energy. 

In  other  words,  it  gives  the  ratio  of  the  output  to  the  input, 

both  of  these  being  expressed  in  the  same  units.    Thus : — 

Commercial  efficiency  in  %  = 

Electrical  power  given  to  external  circuit  x  100. 

Mechanical  power  absorbed  in  driving. 

Example. — A  dynamo  takes  140  H.P.  to  drive  it,  and  supplies  430 
amperes  at  220  volts  to  the  external  circuit.     What  is  its  commercial 
efficiency  ? 
Commercial  efficiency  in  %  = 

Output  X  100_430  X  220  x  1 00  _  9,460,000  _QQ.go/ 
Input.  140x746  104,440  ^° 

both  output  and  input  being  conveniently  expressed  in  watts.  This 
means  to  say,  that  for  every  1000  watts  put  in,  about  906  will  be 
given  out  to  the  external  circuit. 

When  the  term  efficiency  is  used  alone,  it  is  generally 
the  commercial  efficiency  which  is  understood.  The  com- 
mercial   efficiency    of   any  given   type  of  direct-current 


§  9.]  EFFICIENCY  OF  DYNAMOS.  25 

machine  is  the  greater  the  larger  the  machine.  It  varies 
from  about  80%  in  the  smallest  practical  sizes,  up  to  95% 
in  large  ones.  With  any  given  machine  the  eflSciency  is 
not  a  constant  quantity,  being  less  at  light  than  at 
medium  or  full  load.  When  the  dynamo  is  on  open  circuit, 
its  efficiency  is  nil,  for  it  is  doing  no  useful  work.  Fig.  11 
gives  the  efficiency  curve  of  the  traction  generator  alluded 
to  in  the  preceding  paragraph.  From  this  we  see  that 
when  the  output  is  25  amperes  the  efficiency  is  only  60%, 
at  a  little  over  50  amperes  it  is  80%,  while  frqfa  100  to  600 
amperes  it  rises  gradually  from  about  88%  to  93%. 

Certain  240  kilowatt  Edisoh-Hopkinson  machines  had  an  armature 
resistance  of  0117  ohm  and  a  shunt  field  resistance  of  52*7  ohms. 
They  ran  at  400  revolutions  per  min.,  and  gave  out  590  amperes 
at  410  volts  at  full  load.  Their  electrical  efficiency  was  95*9  %  at 
half  load,  and  97*2  %  at  full  load  ;  their  mechanical  efficiency  97*7  %, 
and  commercial  efficiency  95  %  at  full  load. 

A  5  k.w.  dynamo  may  require  330  watts  in  its  magnet 
coils,  and  absorb  200  watts  in  the  armature  at  full  load ; 
which  is  equivalent  to  an  elec.  eflf.  of  90'4  %  only. 

If  we  know  the  output  and  terminal  pressure  of  a 
dynamo,  and  the  resistance  of  its  armature  and  field 
windings,  as  in  the  case  of  the  Edison-Hopkinson  machines 
mentioned  above ;  or  if  we  know  the  output  and  the  watts 
lost  in  the  machine,  as  with  the  5  k.w.  dynamo  just  cited, 
we  can  calculate  the  electrical  efficiency  as  follows. 

To  CALCULATE  THE  ELECTRICAL  EFFICIENCY  OP  A  DYNAMO, 
KNOWING  ITS  RESISTANCE,  OR  THE  WATTS  LOST  IN  IT,  AND  ITS 
OUTPUT. 

Example. — A  series  dynamo  has  an  armature  resistance  of  '35  ohm 
and  afield  resistance  of  '58  ohm.     At  a  ceiiain  speed  it  gives  a  P.D. 
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What  is  its  electrical 


of  230  volts,  and  a  current  of  25  amperes, 
efficiency  ? 

The  output  =  230  x  25  =  5750  watts.    The  watts  lost  in  the  machine 
=  (72E  =  252x(-35  +  -58)  =  625x-93  =  581.     (Chap.  IV.) 
.-.  Total  power  developed  =  5750 +  581  =6331  watts. 

.-.  Electrical  efficiency =^-^^-^-i5?= 908  %. 


Fia.  12. — Regulator  or  Rheostat  (P.  R.  Jackson  &  Co.). 

The  word  imit  as  applied  to  dynamos  is  a  short  expres- 
sion for  kilowatt ;  thus  a  60-unit  generator  is  one  giving 
an  output  of  60  kilowatts. 

*10.  Kegulators. — A  compound -wound  dynamo  will 
maintain  a  constant  pressure  on  a  distribution  circuit  sup- 
plying say  incandescent  lamps,  provided  that  the  driving 
speed  is  kept  constant.     It  is,  however,  extremely  difficult 
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to  maintain  a  perfectly  regular  speed ;  and  rather  so  to  get 
a  dynamo  with  a  perfectly  flat  characteristic,  or  one  which 
rises  evenly,  the  first  being  necessary  when  the  '^  load ''  is 
adjacent  to  the  machine,  and  the  second  when  it  is  at  the 
end  of  a  feeder  main  (p.  22). 

To  provide  for  the  consequent  small  changes  in  pressure, 


Fia.  13. — Internal  Connections  of  Regulator. 

and  to  enable  the  pressure  to  be  raised-  with  the  load, 
it  is  usual  to  connect  Q^egulatoo^s  or  rheostats  in  the  shunt 
exciting  circuit.  These  regulators  are  made  in  various  forms, 
but  generally  consist  of  a  number  of  spirals  of  platinoid, 
iron,  iron  alloy,  German  silver,  or  other  wire  arranged 
in  a  fireproof  case  or  frame,  and  connected  with  a  multiple- 
contact  switch  by  means  of  which  the  amount  of  resistance 
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in  circuit  may  be  varied.  One  form  of  regulator  is  shown 
in  Fig.  12.  In  this  the  spirals  of  resistance  wire  are 
mounted  on  porcelain  insulators  fixed  on  a  stout  iron 
frame,  the  spirals  being  joined  up  in  series  as  shown 
diagrammatically  in  Fig.  13,  the  top  and  bottom  junctions 
of  adjacent  spirals  being  connected  through  asbestos- 
covered  copper  wires  with  the  switch  contacts.  The  con- 
necting wires  from  the  top  pass  down  behind  the  spirals, 
but  are  not  shown  in  Fig.  12.     When  the  switch  is  on 


Fig.  14.— 22-Point  Regulator  (Sturtevant  Eng.  Co.). 

contact  No.  1,  only  one  spiral  is  in  circuit.  In  the  position 
shown,  three  of  the  spirals  are  in  use ;  while  if  it  be  put 
round  to  contact  No.  10,  the  whole  of  the  resistance  will 
be  in  circuit.  This  simple  type  of  regulator  is  suitable  for 
fixing  to  a  wall. 

Another  form  of  regulator,  in  which,  as  is  usual,  the 
resistance  wires  are  completely  enclosed  in  an  iron  frame, 
is  illustrated  in  Fig.  14.  This  is  adapted  for  screwing  to 
the  floor,  and  the  switch  has  22  "  ways  "  or  "  points.*'  The 
front  of  the  frame  is  ribbed  to  assist  it  in  dissipating  any 
heat  generated  in  the  coils. 
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Fig.  15  gives  a  side  view  of  a  field  rheostat  for  mounting 
on  the  back  of  a  switchboard,  as  illustrated,  the  switch 
lever  being  operated  by  a  hand-wheel  on  the  front  of  the 
board.  This  regulator  has  no  less  than  45  "  points.''  The 
distribution  of  the  resistance,  which  is  made  of  fine  iron 
wire,  and  is  embedded  in  enamel,  is  shown  in  Fig.  16. 


Fig.  15. — Switchboard  Regulator  (Ward-Leonard). 

The  last  two  "stops,*'  it  will  be  noticed,  introduce  a 
great  deal  of  additional  resistance  into  the  circuit,  this 
being  practically  equivalent  though  preferable  to  actually 
breaking  the  circuit.  One  terminal  of  the  regulator  is 
joined  to  the  top  left-hand  stud,  and  the  other  to  the 
switch  lever,  which  is  omitted  from  the  figure. 
Automatic  regulators  are  referred  to  in  §  13. 
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The  method  of  connecting  ordinary  or  hand  regulatoi*s 
in  circuit  depends  upon  the  type  of  dynamo,  but  in  all 
cases  the  object  in  view  is  to  be  able  to  vary  the  current 
in  the  F.M.  exciting  coils,  without  directly  influencing  the 
current  going  out  to  the  supply  circuit.  The  advantages  of 
this  arrangement  are  that  the  regulating  appliance  can  be 
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Fig.  16.— Distribution  of  Resistance  Wire  in  Kegulator. 

simply  and  cheaply  made,  as  it  is  generally  only  required 
to  carry  a  small  current,  and  the  power  taken  by  the 
dynamo  is  reduced  in  proportion  to  the  supply.  If,  on  the 
other  hand,  the  regulation  were  eflfected  by  inserting  resist- 
ances in  the  main  circuit,  a  large  amount  of  power  woiild 
be  wasted,  and  the  appliance  would  be  bulky  and  costly, 
as  it  would  then  have  to  carry  the  whole  current. 


§  11.]         REGULATION  OF  SHUNT  DYNAMOS. 
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*1L  Shunt  and  CoxMpound  Regulators. — In  the 
case  of  a  shunt  machine,  the  rheostat  or  variable  resist- 
ance R  is  usually  connected  in  series  with  the  exciting 
circuit,  as  shown  in  Fig.  17.  Tlie  main  terminals  of  the 
machine  are  those  marked  1  and  2.  Instead  of  the  shunt- 
winding  Sh  being  connected  direct  to  terminal  1  it  is 
brought  up  to  a  third  terminal,  3.  The  rheostat  B  is 
put  in  between  1  and  3,  and  this  must  be  capable  of  carry- 
ing the  maximum  field-current  without  undue  heating. 
The,  success  of  this  method  of  regulation  is  due  to  the 


Fig.  17. — Regulator  with  Shunt  Dynamo. 

small  variation  necessary.  If  the  pressure  is  too  high,  a 
very  small  alteration  of  the  rheostat  resistance  i2,  so  as 
to  reduce  the  field  current,  will  bring  it  down  to  its 
proper  value,  and  vice  versa. 

The  same  principle  may  be  applied  to  compound-wound 
machines,  as  it  affords  a  means  of  adjusting  the  propor- 
tionality between  the  shunt  and  series  excitation  so  as  to 
alter  the  characteristic  as  desired.  In  this  case  it  is  not 
customary  to  make  use  of  the  regulator  to  correct  for  any 
small  variation,  as  the  compound  winding  takes  care  of 
ordinary  changes  of  load.     The  connection  of  the  rheostat 
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in  such  a  case  is  shown  in  Fig.  18.  Here  Se  and  Sh  are 
the  series  and  shunt  windings  respectively,  B  the  rheostat, 
and  1  and  3  the  main  terminals. 


Fio.  18.— Regulator  with  Compound  Dynamo. 

*12.  Series  Regulators. — In  a  series  or  constant- 
current  dynamo,  the  object  of  regulation  is  to  vary  the 
pressure  at  the  terminals  to  suit  any  variation  of  the 


Fig.  19. — Regulator  with  Series  Dynamo. 

circuit-resistance.  Since  the  main  current  flows  through 
the  F.M.  winding,  the  regulator  cannot  be  placed  in  series 
with  these  coils,  as  this  would  mean  that  the  line  current 
had  to  be  altered  when  it  was  desired  to  make  a  change  in 
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the  excitation.  The  rheostat  must  be  placed  in  shunt  with 
the  magnet- winding,  as  shown  in  Fig.  19.  A  small  portion 
of  the  main  current  then  flows  through  the  regulator,  and 
the  remainder  through  the  F.M.  windings ;  and  the  excita- 
tion and  therefore  the  E.M.F.  of  the  dynamo  can  be  altered 
so  as  to  maintain  a  constant  current. 

13.  Automatic  Regulators. — Automatic  regulators 
are  those  which  operate  by  themselves.  Most  of  these 
actuate  an  adjustable  resistance,  connected  as  in  Figs.  17, 
18,  or  19,  and  so  vary  the  pressure  at  the  terminals  of 
the  dynamo.  In  the  Thomson-Houston  dynamo  for  arc 
lighting,  and  in  one  or  two  other  special  machines  which 
have  now  dropped  out  of  use,  the  regulator  acted  by 
shifting  the  brushes. 

If,  in  the  case  of  a  dynamo  f6r  maintaining  a  constant 
current,  the  main  current  is  passed  through  a  solenoid 
wound  with  a  few  turns  of  thick  wire :  or  if,  with  a  con- 
stant-pressure machine,  a  solenoid  wound  with  fine  wire  be 
connected  across  the  terminals,  the  pull  on  a  core  sus- 
pended in  the  solenoid  will  vary  with  changes  of  current 
and  pressure  respectively,  and  the  moving  core  may  be 
made  to  actuate  the  variable  resistance.  Such  devices  are 
little  used  now,  but  the  Brush-Geipel  and  the  Goolden 
automatic  regulators  may  be  cited  as  examples  of  this 
type.  The  latter  was  illustrated  and  described  in  an  early 
edition  of  this  work. 

14.  Coupling  of  Dynamos  in  Series  or  in  Parallel. 
-^-If  one  dynamo  is  not  enough  to  supply  the  demand, 
and  a  number  of  machines  are  available,  two  or  more  of 
these  may  be  connected  so  as  to  give  a  joint  supply  to 
a  circuit  or  system  of  circuits.     We  will  briefly  explain 
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the  chief  ways  in  which  parallel  and  series  coupling  can 
be  effected  with  different  types  of  machine. 

Series-wound  dynamos  can  be  connected  in  series,  or 
shunt-wound  dynamos  in  parallel,  without  any  special  diffi- 
culty ;  but  in  the  fii'st  case  the  current  must  be  the  same, 
and  in  the  second  case  the  pressure.  But  the  pressures 
added  in  series  (in  the  first  case),  and  the  currents  added 
in  parallel  (in  the  second  case)  may  be  different ;  or  in  other 
words,  different-sized  machines  may  be  worked  together. 
Let  us  take  the  case  of  batteries  for  comparison.  Two 
cells  of  the  same  or  of  different  E.M.F.  may  be  coupled  in 


Fio.  20. — Series  Dynamos  in  Series. 


series,  but  the  current  passing  through  each  will  be  the 
same.  On  the  other  hand,  if  cells  are  to  be  connected  in 
parallel,  their  E.M.Fs.  must  be  equal,  though  one  cell  may 
give  more  current  to  the  circuit  than  the  other.  If 
two  dynamos  or  two  batteries  of  unequal  E.M.F.  were 
joined  in  parallel,  the  one  with  the  greater  E.M.F.  would 
force  current  through  the  other. 

Fig.  20  represents  two  series  machines  connected  in 
series,  A^  and  A2  being  the  armatures,  and  jP\  and  F2  the 
field-coils.  Care  must  be  taken  that  both  armatures  and 
field  windings  are  able  to  carry  the  maximum  current  with- 
out overheating.    The  resultant  E.M.F.  will  be  the  sum 
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of  the  individual  E.M.Fs.  of  the  two  machines.  Thus  if  oae 
machine  alone  develops  an  E.M.F.  of  1000  volte,  and  the 
other  500  volts,  when  they  are  joined  in  series,  the  total 
E.M.F.  will  be  1500  volts.  They  should  be  started  at  the 
same  time,  if  already  connected  together  in  circuit,  otJaer- 
wise  the  current  from  the  one  first  started  will  flow  through 
the  other  ikod  tend  to  rotate  its  armature  as  a  motor  in  a 
contraiy  direction,  to  the  possible  detriment  of  the  brushes 
(§  108).  The  best  way  is  to  start  them  first,  and  afterwards 
switch  tfeem  together,  a  switch  for  this  purpose  being 


Fi  Fp 

Fig.  21.— Shunt  Dynamos  in  Parallel. 

inserted  at  S,     If  the  ordinary  circuit  switch  is  near  at 
hand,  S  may  be  dispensed  with. 

Fig.  21  shows  two  shunt  machines  coupled  in  parallel, 
with  dificonnectiug  switches  8,  S.  As  before  stated,  tlteir 
E.M.Fs.  must  be  equal,  but  their  currents  may  be  diflFerent. 
Thus  one  may  furnish  200  amperes  to  the  circuit,  and  the 
other  only  100  amperes;  the  total  current  then  being 
300  amperes^  The  pressure  between  the  mains,  how- 
ever, will  be  equal  to  that  of  either  machine.  Having 
started  one  dynamo  and  connected  it  to  the  circuit,  the 
other  must  be  run  up  to  the  proper  pressure  before  switch- 
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ing  it  in.  If,  say,  two  machine^  were  already  connected 
together  to  the  mains,  and  one  was  started  before  the 
other,  a  current  would  flow  through  the  latter  and  tend  to 
rotate  it  as  a  motor.  This  rotation,  by  the  way,  would  be 
in  the  same  direction  as  that  in  which  the  machine  would 
be  driven  as  a  dynamo  (§  108).  If  the  armature  were  free 
to  run,  it  would  set  up  a  counter  E.M.F.  and  the  current 
flowing  through  it  would  be  reduced  (§  111):  but  in  most 
cases  the  belting  or  other  gearing  to  the  engine  would 
prevent  this,  and  a  dangerously  heavy  current  might  flow 
through  the  armature,  and  possibly  bum  it  out. 


Fig.  22. — Series  Dynamos  in  Parallel. 

The  coupling  of  shunt  dynamos  in  parallel  is  the  usual 
practice  adopted  in  direct -current  central  station  work; 
and  special  automatic  cut-out  switches  are  used  for  con- 
necting them  to  the  mains  or  bus-bars  (Chaps.  II. 
and  XVIL). 

In  connecting  two  series  dynamos  in  parallel,  the  current 
taken  from  the  armature  of  No.  1  should  be  sent  round 
the  fields  of  No.  2,  and  the  armature  current  of  No.  2 
round  the  fields  of  No.  1 ;  as  shown  in  Fig.  22.  If  this 
were  not  done,  there  would  be  a  likelihood  of  the  current 
from  one  dynamo  reversing  the  polarity  of  the  other ;  but, 
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as  will  be  seen  from  the  figure,  this  cannot  possibly  happen 
under  the  conditions  there  given.  Besides,  any  variation 
in  the  current  in  one  machine  correspondingly  alters  the 
field  and  the  current  of  the  other,  and  the  two  thus  tend 
to  balance  each  other.  The  machines  must  of  course  be 
started  before  being  switched  in  circuit  at  S,  S,  else  the 
current  in  one  may  flow  through  the  other  and  tend  to 
drive  its  armature  in  a  contrary  direction,  as  was  men- 
tioned in  the  case  of  coupling  series  machines  in  series. 


Fig.  23.— Series  Dynamos  in  Parallel. 

Another  method,  which  however  is  not  quite  so  good, 
inasmuch  as  the  dynamos  do  not  exercise  much  controlling 
eflfect  on  each  other,  is  shown  in  Fig.  23.  The  terminal 
between  -the  armature  and  field  of  No.  1  dynamo  is 
connected  with  the  corresponding  terminal  of  No.  2  by  a 
thick  conductor  .EM,  which  is  called  the  "equalizing 
main."  This  prevents  any  reversal  of  the  fields.  The 
switch  S  in  JEM  being  closed,  suppose  No.  1  machine  is 
started  first,  and  then  switched  in  circuit  at  Si ;  part  of 
the  current  will  flow  through  the  field  of  No.  2  and  give 
it  its  proper  polarity.     Then  No.  2  can  be  started  and 
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switcbed  in  at  S^  So  loog  as  both  maehines  give  tbe 
same  P.D.,  there  will  be  bo  currenl  through  JEM,  but  if 
one  machine  drops  in  presstire,  say  awing  to  a  sla^ening 
of  its  «igine,  there  will  bo  a  P.D.  between  the  ends  of  JEM, 


Fig.  24.— Shunt  Dynamos  in  Series. 


and  current  will  flow  along  it  to  strengthen  the  field  of  the 
weaker  dynamo.  When  only  one  machine  is  running,  the 
equalizing  main  must  be  disconnected  at  the  switch  S. 


Fig.  25.— Shunt  Dytiamos  in  Series. 


There  are  two  methods  of  coupling  shunt  -  wound 
dynamos  in  series.  In  one  (Fig.  24)  the  field  coils  Fi 
and  F2  are  connected  in  series  so  as  to  form  one  le&g 
shunt  to  the  circuit  terminals,  oth^wise  each  machine 
would  tend  to  reverse  the  other's  polarity*    Failing  a 
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special  arrangement  of  switches,  which  we  have  not  shown 
in  order  to  simplify  the  figure,  both  dynamos  should  be 
started  simultaneously. 

The  other  method  is  as  illustrated  in  Fig.  25,  the  arma- 
ture of  one  machine  exciting  the  other's  field  and  vice 
versd.  Although  the  dynamos  tend  to  balance  each  other, 
there  is  still  a  slight  possibility  of  a  reversal  of  polarity  if 
one  machine  suddenly  stopped.  On  this  account  the  first 
described  method  is  to  be  preferred. 

Compound  dynamos  may  be  joined  in  series  as  shown  in 

Shi     „  Sh 


fDiSr-^ifc^ 


+ 


*2 

Fig.  26. — Compound  Dynamos  in  Series. 


Fig.  26,  which  should  be  compared  with  Figs.  20  and  24. 
It  will  be  observed  that  one  end  of  each  shunt-coil  is 
disconnected  from  its  machine,  the  two  free  ends  being 
joined  together  to  form  one  long  shunt.  Reversal  of 
polarity  is  then  rendered  impossible.  Unless  both 
machines  are  started  simultaneously,  the  current  from  the 
one  first  started  must  be  prevented  from  going  through 
the  armature  of  the  other,  or  it  will  tend  to  drive  it  in  a 
contrary  direction  as  a  motor,  as  mentioned  at  the  begin- 
ning of  this  paragraph.  To  guard  against  this  the  switch 
S  is  kept  open  until  both  armatures  are  running. 
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Thie  coupling  of  compound  dynamos  in  parallel  presents 
very  little  more  difiSculty  than  occurs  with  plain  shunt 
machines,  and  the  remarks  made  in  connection  with  Fig. 
21  apply  to  this  case  also.  The  machines  should  have 
a  short-circuiting  switch  S  S  (Fig.  27)  across  the  series 
windings,  and  the  latter  should  be  cut  out  at  the  time  of 
starting  or  stopping  the  dynamos,  otherwise  a  reversal  of 
polarity  may  take  place. 

It  is  not  often  that  series  dynamos  are  connected  in 


Fig.  27. — Compound  Dynamos  in  Parallel. 

parallel,  or  shunt  or  compound  dynamos  in  series ;  though 
it  is  interesting  to  know  how  this  can  be  done. 

The  methods  of  regulating  dynamos,  as  described  in 
§§11  and  12,  may  be  applied  in  any  of  the  above  cases 
relating  to  coupled  machines. 

15.  Changing  of  Connections,  etc.,  to  enable  a 
Dynamo  to  be  run  in  a  Contrary  Direction. — If  it 
is  required  to  run  a  series  machine  in  the  opposite  direc- 
tion to  that  in  which  it  was  originally  arranged  to  turn, 
without  altering  the  F.M.  polarity,  the  inner  end  of  the 
field-winding  must  be  changed  from  one  brush  to  the  other. 
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With  a  shunt  machine,  the  field  connections  must  be 
changed  over  to  the  opposite  terminals. 

In  a  compound  machine,  whether  long  or  short  shunt, 
the  ends  of  the  shunt-winding  must  be  reversed  at  their 
terminals,  and  the  connection  of  the  series  coil  altered  as 
with  a  plain  series  machine. 

In  all  three  cases,  unless  the  brushes  are  of  the  end-on 
type,  their  *' trail"  or  slope  must  be  reversed.  Their 
"lead"  (§  116)  will  also  want  re-adjusting. 

16.  Dynamo  Design. — The  designing  of  direct-current 
dynamos  involves  such  electrical  questions  as  form  of 
F.M.,  size  and  material  of  F.M.  and  armature  cores, 
ampere-turns  of  excitation  on  F.M.,  flux  in  field,  size  and 
number  of  conductors  on  armature,  armature  reactions, 
etc.,  and  their  relation  to  one  another.  Besides  these, 
there  are  numerous  mechanical  considerations  relating  to 
details  of  construction  and  fitting.  The  qualities  aimed 
at  are  simplicity  and  strength  of  design,  compactness, 
efficiency,  and  economy  in  manufacture. 

In  the  early  days  of  electric  lighting,  many  machines 
were  designed  that  were  fairly  good  electrically,  but  bad 
mechanically ;  some  being  almost  impossible  of  construc- 
tion. Now-a-days,  the  difficulty  is  to  improve  on  existing 
types. 

We  shall  confine  our  attention  principally  to  2-pole 
dynamos,  and  the  reader  is  reminded  that  a  good  deal  has 
already  been  said  regarding  simple  points  in  the  construc- 
tion of  F.Ms.,  armatures,  commutators,  brush-holders,  and 
brushes,  as  well  as  the  general  arrangement  of  machines 
(Chaps.  VIIL  and  IX.). 

The  questions  which  will   now  be   considered  will  be 
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mainly  electrical  ones,  such  as  the  connection  between  the 
flux  from  the  F.M.  through  the  armature,  the  speed  of 
rotation  of  the  latter,  the  number  and  length  of  conductors 
on  it,  aiKl  the  E.M.F.  generated. 

17.  Cores  of  F.Ms,  and  Armatures.  Polepieces. — 
The  iron  core  of  a  dynamo  armature  is  mainly  for  the 
purpose  of  bridging  the  gap  in  the  circuit  of  the  F.M. 
between  its  polepieces.  As  the  object  is  to  get  the 
greatest  possible  flux  for  the  conductors  to  cut  through, 
the  core  must  have  small  magnetic  resistance  or  reluct- 
ance, t.  e,  it  must  be  of  good  permeability.  It  must  also 
have  as  little  hysteresis  as  possible,  as  its  magnetization  is 
constantly  being  reversed.  Armature  cores  must  therefore 
be  of  the  purest  and  softest  iron,  or  of  very  mild  steel,  these 
materials  having  greater  permeance  and  less  hysteresis 
than  other  grades  of  iron  or  steel  (Chap.   F/.). 

Field-magnet  cores,  on  the  other  hand,  may  be  of 
wrought-iron,  cast-iron,  or  cast-steel,  according  to  cir- 
cumstances. Where  lightness  is  the  first  consideration, 
wrought-iron  is  used  for  the  whole  of  the  F.M.,  as  the 
permissible  mass  of  metal  in  the  core  being  limited,  its 
permeability  must  be  as  high  as  possible.  There  are, 
however,  two  chief  drawbacks  to  the  use  of  wrought-iron 
for  the  ^hole  of  the  F.M.  Firstly  there  is  the  expense  of 
construction,  as  no  portion  can  be  cast ;  and  secondly  there 
is  the  liability  of  the  dynamo  failing  to  excite,  or  having 
its  polarity  reversed,  owing  to  the  low  retentivity  of  soft 
wrought-iron. 

When  the  yokes  and  polepieces  are  made  of  cast-iron 
the  cost  of  construction  is  much  decreased,  and  the  re- 
tentivity of  the  magnet  as  a  whole  is  increased.   Sometimes 
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e^ry.part  of  the  magnet  is  of  east-iron,  but  it  is  gener- 
ally advisable  to  have  the  ecal  oores  of  wrought-iron,  as 
the  preseikce  of  impurities  in  cast-iron  is  not  always 
avoidable,  and  such  materially  lower  its  magnetic  qualities. 
Special  cast-steel  is  novr  much  used  for  field  magnets,  this 
material  being  stronger  than  cast-iron,  and  in  some  cases 
more  permeabte  even  than  wrought^iron,  while  it  possesses 
the  necessary  retentivity.  Much,  however,  depends  oa 
the  ttleel  containing  a  low  percentage  of  carbon  in  its 
oevaposition,  wbiefa  value  should  not  exceed  0*25  %. 

1€L  Connection  between  Winding,  Field,  Speed, 
AND  E.M.F.  OF  A  Dynamo. — ^In  Chap.  VIIL  it  was  stated 
thftt  the  E.M.F.  (E)  of  a  dynamo  was  directly  proportional 
to  the  total  length  (L)  of  active  conductor  on  its  armature, 
to  the  strength  of  its  field  (HX  ^nd  to  the  speed  <^  rota- 
tion or  velocity  (V)  with  which  the  armature  conductors 
cut  the  lines  of  the  magnetic  field. 
Thu»:—  EaLxHxV.  (I.) 

Starting  with  this  simple  statement,  it  will  now  be 
shown  how  the  quantities  L,  H.  and  V  are  to  be 
d^ermined. 

Y  naturally  depends  principally  on  mechanical  and 
outside  considerations,  such  as  the  type  of  engine  to  be 
used,  and  the  method  of  gearing  it  to  the  dynamo  (§  27) ; 
and  also  on  the  position  of  the  dynamo.  Fcmt  instance,  if 
the  machine  is  to  be  light  and  of  small  size,  as  for  use  on 
ships,  trains,  etc.,  it  must  be  driven  at  a  high  speed  to  get 
the  requisite  output  from  it.  Qenerally,  of  course,  slow 
speeds  are  preferable,  as  the  wear  and  teflur  is  less,  and 
the  fiictioQ  losses  are  reduced. 

The  quantities  L  and  H  depend  on  numerous  consider- 
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ations  as  to  the  size  and  form  of  armature  and  F.M.,  and 
it  is  with  these  that  we  are  principally  concerned, 

19.  Design  of  2-pole  Dynamos. — As  a  general  rule 
it  is  best  to  have  large  F.Ms.,  and  as  strong  a  field  as 
possible,  as  this  minimizes  armature  reactions  (§  2),  lessens 
the  tendency  to  sparking,  and  reduces  the  number  of 
necessary  armature  conductors.  The  magnetic  field  or 
flux  of  a  dynamo  F.M,  depends  on  its  ampere-turns  of 
excitation,  and  on  the  permeance  of  its  magnetic  circuit, 
which  latter  of  course  includes  the  armature  core.  The 
magnetic  circuit  should  generally  be  as  short,  and  its  cross^ 
section  as  large  as  possible ;  while  the  two  air-gaps  between 
the  pole  faces  and  the  armature  must  not  be  wider  than 
absolutely  necessary. 

20.  Design  of  2-pole  Dynamos  (cont.).—- 

Instead  of  L  and  H  ^^^  ^  (§  18)  it  is  more  convenient 
to  speak  of  the  number  of  active  conductors  in  s«ws 
(N),^  the  total  flux  (p),  a^nd  the  number  of  revolutions 
of  the  armature  per  second  (n).  The  formula  then 
becomes : —  E  oc  N  p  ^  '  (II-) 

We  are  here  dealing  with  C.G.S.  lines  of  force 
(Chap.  F/.),  and  the  cutting  of  1  such  line  per  second 
generates  1  C.G.S.  unit  of  E.M.F. 

But  the  volt  or  practical  unit  of  E.M.F.  is  equivalent 
to  100,000,000  C.G.S.  units;   consequently  a  cutting  of 

*  We  cannot  say  "number  of  turns,"  as  one  turn  on  a  drum 
armature  gives  two  active  conductors ;  whereas  one  turn  on  a  ring 
armature  gives  only  one.  Sometimes  a  number  of  parallel  con- 
ductors are  joined  together  at  each  end  to  the  connector  and 
commutator  segment  respectively ;  and  obviously  such  would  act 
as  a  single  conductor  only. 
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100,000,000  or  10^  lines^  per  second  is  necessary  to  generate 
1  volt. 

Thus:—  E  (in  volts)  =  ^^^^  (III.) 

It  will  be  clear  that,  in  a  2-pole  field,  every  conductor 
will  cut  the  lines  twice  in  each  revolution.  Also  that  as 
the  two  halves  of  the  armature  are  in  parallel  between 
the  brushes,  the  E.M.F.  developed  will  be  only  one-half 
of  that  given  by  considering  the  total  number  of  active 
conductors  on  the  armature.  Hence,  for  the  first  reason, 
it  would  seem  necessary  that  the  number  of  lines  in  the 
field  should  be  multiplied  by  2 ;  and  for  the  second  that 
the  whole  equation  should  be  divided  by  2 ;  i,  e, ; — 

E(vol..)  =  ^|  <IV.) 

but  this  of  course  is  equivalent  to  the   equation  as  it 
stands  in  III. 

1  100,000,000  may  be  shortly  written  10^,  which  means  1  with  8 
noughts  written  after  it.  Simikrly  10^  =  100,000,  and  10^  =  100.  The 
small  figure  is  called  the  power  index.    Sometimes  this  power  index 

i8negatiTe,a8lO-',whichsignifie8^.  Similarly  10-'=  ^~^- 

55,000,000 may bewritten shortly 55 xlO«:  00001  =  — i —  =  10*: 

luOjOUU 

•00000103  =  _-M.        =  103  X  10  ^  and  may  also  be  written 

1UU,UUU,UUU 

•0^103. 

A  quantity  with  a  negative  power  index  is  the  reciprocal  of  the 
same  quantity  with  a  similar  but  positive  index.    Thus  10^  is  the 

reciprocal  of  10"*  the  first  being  100,000  and  the  second  ,—^ 

^        '  100,000 

Any  factor  in  an  expression  may  be  transferred  from  the  numerator  to 

the  denominator,  or  vice  versdj  by  altering  the  sign  of  its  power  index. 
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Wbea  the  number  of  lines  cut  per  sec.  is  considered^  we 
must  take  into  account  the  number  of  conductors  that  do 
the  cutting,  as  well  as  the  number  of  lines.  Thus  1000 
million  lines  cut  by  1  conductor  in  1  sec.  would  generate 
the  same  E.M.F.  as  10  million  lines  cat  by  100  conductors 
in  1  sec,  viz.  10  volts.  If  1  conductor  cuts  any  given 
field  say  50  times  in  1  sea,  this  is  equivalent  to  50 
separate  conductors  cutting  the  same  field  once  in  1  sec. 

Examples. — (a.)  The  Hng  armature  of  a  dxpiamo  has  125  turns 
upon  it,  and  is  driven  at  a  speed  of  600  rev.  per  min.  The  flu/a^  of 
the  2-pole  field  is  17,200,000  lines.  What  E.M,F.  is  generated  in  the 
aiifMxtuTe  f 

Using  formula  III. :— 600  rev.  per  min.  is  10  rev.  per  sec, 
therefore  w  =  10.     p  =  17,200,000,  and  N  is  126. 

Therefore:-    e  =  l?^^iil!???^?2^iii? 

lOS 

=  215  volts. 

(b.)  In  a  separatdy-excited  2'pde  dyruimo,  the  flux  is  W  lin^j  cmd 
the  n/umher  of  active  conducto'rs  is  150.  At  tdhat  speed  must  the 
mmhine  he  driven  to  generate  108  vdts  E.M^FJ 

Let  X  =  required  speed.  Here  E  =  108,  F  =  10^,  N  =  150,  and 
n  =  X, 

Thus:-    108  =  150  X  lO^^x  x 
10*» 
108  X  108 


Whence : —    x  = 
i,  e,  : — 


150  X  W 
_  108 

15 

=  7*2  revs,  per  sec. 
»  432    ,,      „   min. 


(c.)  A  drum  armature  in  a  t-poLe  fidd  carries  160  exterrwd  eon- 
duetorsy  and  runs  at  580  r,p,m.     Find  the  necessary  ft^ix  through 
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the  armature  to  give  a  P,D,  at  the  terminals  of  220  volts  on  open 
circuit. 

Let  X  =  required  flux.    Then  F  =  x,  E  =  220,  N  160,  and  n  = 
580  -r-  60  =  9-7 

160  X  X  X  9-7 


Thus :—    220  = 
and : — 


108 
220  X  108 


160  X  9-7 
_  22,000,000,000 

1552 
=  about  14,180,000  lines. 

(d.)  A  ring  arm^atiire  for  a  2'pole  field,  whose  fiuac  is  10  miUion 
lines,  is  to  run  at  720  r.p,m^  What  number'  of  tiims  must  it  have  to 
generate  224  volts  f 

Let  X  =  number  of  turns  =  N.  Then  F  =  10^  n  "=  12,  and  E 
=  224. 

oo .  _  X  X  W  X  12 
224 j^, 

.    ^  224  X  108 
107  X  12 
_  224  X  10 
12 

=  187  turns. 

It  might  be  convenient  to  take  the  megaline  as  equivalent 
to  one  million  C.Q.S.  lines,  and  denote  it  by  the  symbol 
ml.  Then  15*66  ml  =  15,660,000  C.G.S.  lines,  and  so  on. 
The  unit  suggested  and  used  by  Kapp  is  equivalent  to 
6000  C.G.S.  lines:  that  is  to  say,  1  Kapp  line  =  6000  C.G.S. 
lines. 

21.  E.M.F.  OF  Multipolar  Dynamos. — With  2-pole 


In  applying  this  formula  to  multipolar  machines,  we 


dynamos,  as  we  have  seen — E=— Jg 
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must  take  into  account  the  number  of  pairs  of  poles,  and 
multiply  by  that  number;  F  being  taken  as  the  flux 
between  any  single  pair  of  poles. 

For  instance,  let  us  suppose  that  three  machines 
(respectively  2-pole,  4-pole,  and  6-pole)  have  the  same 
pole  strength,  i.  e.  the  same  number  of  lines  proceeding 
from  or  entering  any  one  pole.  Then,  assuming  the  same 
type  of  armature  winding  in  each  case,  the  conductors  on 
the  armature  of  the  2-pole  machine  would  in  one  revolu- 
tion pass  in  front  of  one  S  and  one  N  pole :  while  in  the 
4-pole  machine  they  would  pass  two  S  and  two  N  poles, 
i.e.  they  would  cut  double  the  number  of  lines  in  one 
revolution.  Similarly,  with  a  6-pole  machine,  three  times 
the  number  of  lines  would  be  cut  in  one  revolution. 

Formula  III.  may  then  be  modified  as  below  to  enable 
it  to  be  applied  to  machines  having  any  number  of  pairs 

^=P^^  (IllA.) 

of  poles  p.  For  2-pole  machines  p  =  l,  for  4-pole  machines 
^  =  2,  for  6-pole  machines  p  =  3,  and  so  on. 

*22.  Terminal  P.D.  of  a  Dynamo.— The  P.D.  at  the 
terminals  of  a  separately-excited  dynamo  on  open  circuit 
is  the  same  as  its  E.M.F.  The  E.M.F.  and  consequently 
the  P.D.  at  the  terminals  of  a  series  dynamo  on  open 
circuit  are  practically  nothing.  With  a  shunt  or  com- 
pound machine  under  similar  conditions,  the  terminal 
P.D.  is  slightly  less  than  its  E.M.F.,  but  may  be  assumed 
to  be  about  the  same. 

When  any  machine  is  giving  current  to  the  circuit, 
there  is  a  loss  of  volts  in  the  armature,  which  is  proper- 
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tional  to  its  resistance,  and  to  the  current  being  di-awn 
from  it.  Again,  the  greater  the  current  taken  from  the 
armature,  the  greater  is  the  weakening  of  the  field  due 
to  armature  reaction  (§  2).  Thus  the  E.M.F.  of  a 
machine,  and  the  difference  between  this  and  its  P.D., 
depend  upon  the  load  on  it. 

23.  Calculation  of  F.M.  Winding. — In  Chap;  VI. 
we  were  given  the  formula  connecting  the  field  intensity, 
field  area,  and  the  flux.  Thus  the  flux  F  across  the  air- 
gaps  of  a  2-pole  djrnamo  depends  upon  the  intensity  of 
the  field  H>  and  on  its  area  s, 

or:—     F  =  Hxs. 

As  however  the  field  in  these  air-gaps  is  not  generally  of 
uniform  intensity,  we  must  deal  at  once  with  F  •  and  this 
value  is  clearly  directly  proportional  to  the  magneto-motive 
force  of  the  field  coils,  and  inversely  proportional  to  the 
reluctance  of  the  magnet  circuit,  including  the  armature 
core  and  air  gaps, 

—  __    Magneto-motive  force  (M.M.F.).  .^  . 

Reluctance  of  magnetic  circuit. 

The  reluctance  and  permeance  of  any  magnetic  mateiial 
vary  with  every  change  in  the  flux  passing  through  it ; 
but  if  we  take  into  account  the  permeance  of  tho  material 
at  the  given  value  of  the  proposed  flux,  we  can  arrive  at 
the  corresponding  value  of  the  reluctance,  for 

reluctance  = (Chap.  VL) 

permeance 

The  permeance  of  any  portion  of  a  magnetic  circuit  is 
clearly  directly  proportional  to   its  sectional  area  8  and 


50  ELECTRIC  LIGHTING,   ETC  [chap.  x. 

permeability  jx ;  and  inversely  proportional  to  the  length  / 
of  that  portion. 

Thus : 


permeance  =~j 
Consequently  : —     reluctance  (R')  = 


I 


(VI.) 


Take  for  example   the  magnetic  circuit    of   a   simple 


".v-M---.:::;^ 


Fig.  28. — Magnetic  Circuit  of  a  Dynamo. 

2-pole  dynamo  (Fig.  28),  omitting  all  consideration  of 
magnetic  leakage ;  and  suppose,  for  the  sake  of  simplicity, 
that  the  magnet-cores,  yoke,  and  polepieces  are  all  of  the 
same  material  and  cross  section.  The  circuit  is  made  up  of 
four  parts : — F.M.  core  J/,  armature  A,  and  two  equal  air- 
gaps  GG.  The  reluctance  of  the  whole  circuit  is  the 
sum  of  the  reluctances  of  its  component  parts,  as  they 
are  in  series. 
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Thus :—     reluctance  of  F.M.  =    -^^ 

SM     IX  SI 

reluctance  of  armature  =  — 

SA    jUiA 

reluctance  of  air-sfaps  =  2  — 

^  SG 

the  permeability  in  the  last  case  being  unity. 
Hence  the  reluctance  of  the  whole  circuit : — 

SM    fXM       SA     fXA  SG 

The  M.M.F.  of  a  coil  or  coils  of  wire  = 

1-257  CiY  (VIII.) 

where   ON  are   the   ampere-turns  (Chap.   VL).     Hence, 

«byy.Fl„x(F)-S^ 
Flux  in  1-257  c.N. 


(IXa.) 


dynamo  circuit  =      /m  /a    ,   o  fe  (IX.) 

SM   fXM  SA  fXA  SG 

or  shortly : — 

P  ^  1;257  CW 

^  R' 

Formula3  V.  and  IXa.  are  useful  as  giving  a  sort  of 
Ohm's  law  for  the  magnetic  circuit ;  but  for  reasons  that 
were  fully  entered  into  in  Chapter  VL,  such  cannot  be 
applied  with  exactitude,  for  the  reluctance  varies  with 
different  fluxes,  and  cannot  be  directly  measured,  while 
allowance  has  to  be  made  for  magnetic  leakage. 

In  practice,  the  size,  form,  and  material  of  the  F.M.  and 
armature  core,  and  the  value  of  F,  are  generally  first  fixed 
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upon;  and  the  problem  then  is  to  find  the  necessary  number 
of  ampere-turns  to  produce  that  flux.  Approximate  values 
of  reluctance  must  be  assumed,  these  being  got  from 
permeability  curves  of  samples  of  the  metal  to  be  used  in 
F.M.  and  armature  (Chap.  VI.), 

Thus,  supposing  we  are  going  to  use  a  flux  of  F  lines, 
and  the  cross-section  of  the  F.M.  core  is  y  sq.  cm. ;  the 

induction  Q  will  clearly  be   — ,   and   the   corresponding 

If 
value  (x)  of  /x  is  got  from  the  permeability  curve.     The 
reluctance  of  that  part  may  then  be  assumed  to  be 

J_ 
sx 

Now  a  certain  number  of  lines  must  be  allowed  for 
leakage.  At  a  rough  estimate,  so  much  of  the  total  flux 
of  the  field  of  a  simple  2-pole  dynamo  is  lost  through 
leakage,  that  if  we  want  a  useful  flux  P,  wo  must  set  up  a 
total  flux  1*3  F*  This  factor  is  called  the  coefficient  of 
leakage,  and  is  generally  denoted  by  the  symbol  v} 

Its  value,  of  course,  varies  with  different  types  of 
machine,  but  may  be  taken  approximately  at  the  above 
figure  for  simple  2-pole  forms.  Thus  if  F  is  the  useful 
flux  required  through  the  armature,  r  F  is  the  total  flux 
that  must  be  generated  in  the  magnet  cores. 

From  formula  V.  it  is  evident  that : — 
M.M.F.  =flux  X  reluctance. 
And  by  VIII.,  1-257  CN  =  F  X  reluctance. 

Thus.— Ampere-turns  (CN)  =  F  X  reluctance.         ^x.) 

1'257 

*  V  =  Greek  Ni.t. 


-^  1-257. 
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Therefore  to  find  the  total  ampere-turns  necessary  to 
produce  a  given  useful  flux  F  through  the  armature 
(Fig.  28),  we  may  proceed  as  follows: — 

Ampere-turns  necessary  to  give)    _     —  ?m     _^  i-o''? 

V  F  lines  through  magnet-core,  j         ^^        sm    /iM   * 

Ampere-turns  necessary  to  give  I   _  p  ^  2      ^^- 
F  lines  across  air-gaps.  j         ^  go 

Ampere-turns  necessary  to  give)    _    p     ^    _li_ -:- 1-257 
F  lines  through  armature.         j  ^  sa   fiA   *        \ ' 

Thus  :— 

Total  ampere.  |     v?m  «g^     +_  .^tV- |  -  1.257.  (XI.) 

turns  needed  =  F  (  «M    |iM  sg      ^  sa  ^iA  J  ^       '^ 

24.  Other  Dynamo  Calculations. — It  is  beyond  the 
scope  of  this  book  to  deal  fully  with  the  calculations 
involved  in  the  design  of  dynamos,  but  one  or  two 
examples  are  here  given.^ 

Examples— (a.)  Armature  Resistance.  What  is  the  resistance  of 
a  ring  armature  containing  160  turns  of  rectafignlar  wire  liaving  a 
cross-section  of  019  in.  x  0*20  in.  1  The  armature  core,  without 
insulation,  measures  14  ins.  in  length,  and  its  radial  depth  is  2  ins. 
The  resistance  of  100  yards  of  copper  rod  one  sq.  in.  in  cross- 
section  may  he  taken  as  '0025  ohm. 

The  cross-section  of  the  conductor  is  0*19  in.  x  0*20  in.  =  "038 
square  inch.  Being  given  the  resistance  of  10  D  yards  of  copper 
rod  of  1  sq.  inch  section,  it  follows  that  the  resistance  of  our  armature 
conductor  per  100  yards  will  be  :— 

R.  per  100  yards  :  '0025  :  :  1  :  -038 

Each  turn  of  the  armature  conductor,  counting  the  outside  and 

^  Full  information  may  be  got  from  Prof.  Silvanus  Thompson's 
standard  works,  Dynamo-Electric  Machinery  and  Design  of  Dynamos. 
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inside  layers  and  the  two  ends,  and  allowing  '2  in.  for  each  bend, 
will  have  a  mean  length  of  14*2 +  14*2 +  2-2 +  2*2  =  32*8  ins. :  and  the 
total  length  will  be  32-8  x  160  =  5248  ins.  =  145*5  yds.  Consequently 
the  total  resistance  sr,  with  all  the  turns  in  series,  will  be  : — 

X  =  1^  X  -0658,  i.  e.  ic  =  '096  «. 

When  an  armature  is  in  place  in  a  machine  with  its 
brushes  fixed,  its  resistance  may  be  measured  by  any  of  the 
methods  for  determining  very  low  resistances  (Chap.  VII,). 
If  X  is  the  resistance  measured  between  the  brushes,  and 
the  armature  is  a  2-pole  one  of  the  ring  or  drum  type, 
its  total  resistance  will  be  4  x.  For  it  must  be  remem- 
bered that  the  two  halves  of  the  armature  are  in  parallel 
beween  the  brushes,  and  that  the  combined  resistance  of 
two  equal  conductors  in  parallel  is  only  one-fourth  of  what 
it  would  be  were  they  in  series.  Thus  in  the  example  above 
•096  w  is  the  resistance  all  round  the  ring.  Measured 
between  the  brushes,  the  resistance  would  be  only  one- 
fourth  of  this,  or  -024  w. 

(6.)  Armature  Conductor.  The  core  of  a  ring  armature 
is  lb  ins.  long,  12  ins.  in  outer  diameter,  and  2*5  ins.  in  radial 
thickness.  What  wire  would  you  use  to  give  275  volts  P.D.  at  its 
termitwls;  and  what  current  coxdd  he  safely  drawn  from  the  machine 
if  it  is  to  he  driven  at  a  speed  of  1200  revs,  per  minute  ?  The  2'pole 
field-nuignet  is  to  he  shunt  wound. 

The  first  thing  is  to  ascertain  the  sectional  area  of  iron  in  the  arma- 
ture core,  the  section  being  taken  at  right  angles  to  the  direction  of 
the  field.  The  shape  and  dimensions  of  this  are  given  in  Fig.  29. 
If  the  core  were  solid,  the  area  would  be  2  r  x  2,  where  r  is  the  radial 
thickness  and  I  the  length,  it  being  remembered  that  the  lines  have 
two  paths  across  from  pole  to  pole.  But,  as  the  core  is  laminated, 
the  total  length  of  iron  is  something  less  than  I,  allowance  having  to 
be  made  for  the  varnish,  paper,  or  other  insulator  placed  between 
the  core  discs  to  retard  the  setting  up  of  eddy  currents.     We  must 
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therefore  multiply  I  by  a  factor  /,  which  will  reduce  it  to  something 
less  ;  the  space  occupied  by  non-magnetic  material  being,  say,  about 
13  per  cent,  of  the  whole  length.  Calling  a  the  net  sectional  area  of 
the  core,  we  have  : — 

a=2  r  X   I   X  f. 
In  the  present  case  r =2*5",  I  =  1 5",  and/ may  be  taken  as  -87.  Then : — 

a  =  5   X    15   X   -87, 
=  65  square  inches. 

The  usual  induction  in  armatures  of  this  type  averages 
about  100,000  lines  per  square  inch,  so  that  the  total  flux 
may  be  taken  as : — 

65  X  100,000  =  6,500,000  lines,  or  6-5  7nl  (§  20). 


--?»/y^-"'-H 


J-, 


Fig.  29.— Armature  Core. 


The  requisite  number  of  conductors  is  arrived  at  as 
follows : — 

Let  P  =  P.D.  at  terminals  of  machine. 

E  =  Total  volts  generated  by  armature. 
e  =  Volts  lost  in  armature. 
F  =  Magnetic  flux  through  core. 
n  =  no.  of  revolutions  per  second. 
N  =  no.  of  conductors  on  armature. 
Then,  using  formula  III.  p.  47  : — 
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from  which ; — 

XT     EX  108 
Fxn 
substitutinor  fiomres : — 

N  =  .  .^^il-n-Vn  =  212  conductors. 
6,500,000  X  20 

Here  we  have  assumed  that  275  volts  is  the  E.M.F.  of 
the  machine.  Allowance  will  be  made  later  in  order  that 
the  dynamo  shall  give  this  voltage  at  its  terminals,  as 
desired. 

The  maximum  cun*ent  that  can  be  taken  from  an  arma- 
ture is  limited  by  two  things,  viz.  the  carrying  capacity  of 
the  armature  conductors,  and  the  cross-magnetization  of  the 
armature  due  to  the  circulation  of  current  therein,  which 
results  in  the  distortion  and  weakening  of  the  field  (§  2). 
This  cross-magnetization  has  to  be  kept  within  limits,  else 
there  is  great  sparking  at  the  commutator  of  the  dynamo. 

If  the  number  of  armature  conductors  is  multiplied  by 
the  current  flowing  through  them,  the  product  is  termed 
the  drcumfiux,  and  is  denoted  by  the  letter  Q,    If  Ca  is 

the   current   taken  from  the  armature,  -^  will   be  the 

cuiTcnt  in  each  half  of  the  armature  winding,  which  is 
divided   by  the   brushes  into   two   parallel  circuits,  and 

-—  is  thus  the  current  in  each  armature  conductor. 
Consequently ': — 

q=^^  (XII.) 

The  limiting  value  for  Q  depends  upon  the  type  and 
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diameter  of  the  armature.  Thus  if  d  be  the  diameter  of 
the  armature  in  centimetres : — 

These  quantities  are  only  reliable  when  a  certain  pro- 
portion exists  between  the  dimensions  of  the  armature 
core  and  the  size  of  the  air-gaps  (Fig.  28),  but  we  may 
here  take  their  accuracy  as  granted. 

In  the  case  under  consideration  : — 

G=  390x12x2-54  =  11,900 

The  diameter  being  multiplied  by  2o4  to  bring    it   to 
centimetres. 
By  XII.:— 

CaN  =  2  Q 
=  23,800 

Having  already  calculated  that  N  =  212,  we  have  : — 

r,       23,800     -,-,0 

Ca  =     '       =112  amperes. 

-  or  56  amperes  will  be  the  current  flowing  in  each 

Ji 

half  of  the  armature,  and  as  it  is  usual  to  allow  a  density  of 
2000  amperes  per  sq.  in.  in  armature  conductors,  we  get 
56 -7-2000  =  '0288  sq.  in.  as  the  sectional  area  of  our 
armature  conductor.  This  is  approximately  equal  to  the 
area  of  a  7/15  stranded  conductor.^ 

It  now  becomes  necessary  to  revise  the  value  assigned 
to  N,  since  this  was  found  on  the  assumption  that  275 

^  See  the  Author's  Electric  Wiring  Tables, 
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volts  was  the  E.M.F.  of  the  machine.   We  must  determine 

e  (the  volts  lost   in   the  armature),  and  increase  N  to 

compensate  for  these. 

Allowing  for  connections  to  commutator,  let  us  assume 

that  the  length  of  each  conductor  is  44  inches.     The  total 

44  X  212 
length  is  consequently  -— — —  =  259  yards. 

A  7/15  conductor,  or  its  equivalent,  has  a  resistance  of 
•852  0)  per  1000  yards,^  so  that  the  total  resistance  of  our 
armature  conductor  may  be  taken  as 

•852  0)  X  259     .q;>, 

— -— =  -221  0) 

1000 

The  working  resistance  of  the  armature,  in  which  the 
conductor  between  the  brushes  is  virtually  arranged  in 
two  equal  portions  in  parallel,  is  thus  one-fourth  of  above, 
or  '0553  CO.  The  armature  current  Ca  being  112  amperes, 
the  loss  of  volts  therein  will  be : — . 

•0553x112  =  6  volts. 

The  armature  must  thus  generate  275  +  6  =  281  volts. 
Then  the  revised  value  for 

N  =  — ^^-1^'- =216  conductors. 
6,500,000  X  20 

23  800 
The  revised  value  for  Ca  =  --^;—^  =  110  amps.,  and  the 

216 

55 
cross-sectional   area   of    wire  =  ^r^r;r-  = '0275  sq.  in.     The 

2000  ^ 

nearest  size  to  this,  however,  is  still  7/15. 

*25.  Heating  of  Dynamos. — All  dynamos  in  working 

^  See  the  Author's  Electric  Wiring  Tables, 
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become  more  or  less  heated,  this  beiag  the  necessary 
consequence  of  the  continuous  flow  of  current  in  the  coils, 
and  the  setting  up  of  eddy  currents  and  the  effects  of 
hysteresis  in  the  armature  core.  There  is  a  limit  to  the 
degree  of  heating  that  can  be  permitted,  and  in  designing 
machines  attention  has  to  be  given  to  their  ventilation,  so 
that  whatever  heat  is  generated  may  be  dissipated  as  much 
as  possible.  The  overheating  of  dynamos  is  bad  for  three 
chief  reasons.  It  increases  the  resistance  of  the  armature 
and  magnet  windings,  and  so  leads  to  a  greater  loss  of 
power  therein ;  it  is  harmful  to  the  insulation ;  and  lastly, 
the  framework  and  shaft  of  the  armature  may  expand 
and  cause  trouble  in  various  ways. 

The  overheating  of  the  armature  is  more  difficult  to  guard 
against  than  that  of  the  field-coils.  Efficient  lamination 
(Chap.  VIII.)  overcomes  eddy-current  heating,  and  hys- 
teresis (Chap.  VL)  is  lessened  by  employing  a  good  grade 
of  iron ;  while  the  arrangement  and  proportioning  of  the 
conductors  must  be  carefully  seen  to.  Sometimes  one  coil 
will  persistently  get  overheated,  even  when  no  current  is 
being  taken  from  the  machine.  One  cause  for  this  would 
be  the  short-circuiting  of  the  coil  through  the  armature 
core,  owing  to  defective  insulation. 

♦26.  Faults  in  Dynamos. — The  faults  which  may  crop 
up  in  dynamos  are  so  many  that  it  is  difficult  to  treat  of 
them  briefly,  hence  the  enumeration  of  the  chief  of  them 
must  suffice.     These  may  be  set  down  as  follows : — 

(a.)  Failure  to  start  generating  owing  to  film  of  oil 
between  brushes  and  commutator. 

(&.)  Brushes  making  bad  contact.  This  often  occurs 
when,  in  badly-designed  machines,  the  brush-holder  bars 
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are  fixed  to  the  rocker  through  round  instead  of  square 
bushes  and  holes. 

(c.)  Flats  in  commutator.  Due  to  the  wearing  away  of 
one  or  more  segments  more  rapidly  than  the  rest,  and 
leading  to  momentary  disconnections  of  the  circuit  and 
consequent  sparking. 

(d)  Breakage  or  loosening  of  connections. 

(e.)  Short  circuits  or  leakage  in  armature  or  field 
windings. 

(/.)  Overheating  or  buming-up  of  armature  or  F.M.  coils. 

{g.)  Loss  of  starting  field,  due  to  too  soft  iron  in  F.M. 

(A.)  Reversal  of  polarity. 

(i.)  Leakage  of  current  across  rocker. 

(/)  "Hunting/*  or  unsteadiness  of  E.M.F.  Due  to 
working  on  unstable  part  of  characteristic  curve. 

(^^)  Breakage  of  regulator  resistance  coils. 

(/.)  Hot  bearings,  owing  to  ropes  or  belt  being  too  tight. 

{m)  Unsteady  driving  owing  to  ropes  or  belt  being  too 
loose. 

27.  MErHODS  OF  Driving  Dynamos. — There  are  four 
methods  of  gearing  a  dynamo  to  the  engine  or  other  motor 
which  drives  it.     These  may  be  classified  as  follows : — 

(a.)  Direct  driving. 

(6.)  Belt 

(c.)  Rope 

(rf.)  Friction     „ 

In  direct  driving,  the  armature  shaft  is  coupled  direct  to 
the  crank-shafb  of  the  engine.  This  method  is  much 
employed  with  generators  for  use  in  central  stations,  and 
in  ship  work,  etc. :  and  is  the  best  with  high-speed 
enofines. 
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Examples  of  direct-driven  dynamos  are  given  in  Figs. 
199,  2H,  219,  and  224,  and  it  will  be  observed  that  in 
the  first-mentioned  a  flywheel  is  specially  interposed  to 
give  steadiness  in  running.  In  Fig.  21^  the  dynamo  is 
driven  by  a  turbine,  and  in  Fig.  224.  by  a  gas  engine. 

In  rope  driving,  the  driving-wheel  of  the  engine  and  the 
pulley  of  the  dynamo  are  grooved  to  receive  a  number  of 
ropes.  There  is  less  slipping,  and  consequently  less  loss  of 
power,  with  ropes  than  with  a  band  or  belt;  and,  moreover, 
the  running  is  not  stopped  by  the  breakage  of  one  or  two 
of  the  ropes,  which  may  be  repaired  at  leisure.  If  a  belt 
breaks,  considerable  delay  often  ensues,  unless  a  spare  one 
is  at  hand.  With  leather  belting  it  is  best  to  place  the 
flesh  side  on  the  pulley,  the  belt  then  lasting  longer. 

Examples  of  pulleys  grooved  for  rope-driving  may  be 
seen  in  Figs.  213  and  222.  All  the  other  machines  illus- 
trated in  Chap.  IX,  are  arranged  for  belt  or  band  driving, 
which  is  too  well  known  to  need  description. 

In  friction  driving,  the  engine  and  dynamo  pulleys  are 
brought  to  bear  on  one  another,  so  that  the  one  drives  the 
other  in  consequence  of  the  friction  between  them.  This 
method  is  very  little  employed,  but  we  have  a  domestic 
example  of  it  in  the  driving  of  the  spool-winder  on  a 
sewing-machine. 

The  power  transmitted  by  a  belt  is  proportional  to  its 
speed,  multiplied  by  the  diflbrence  in  tension  between  its 
driving  and  slack  sides.  In  other  words,  the  greater  the 
tightness  of  a  belt  on  its  driving  side  as  compared  with 
its  slackness  on  the  other  side,  the  greater  will  be  the 
power  transmitted  at  a  given  speed.  If  a  belt  is  too 
tight,  extra  power  will  be  lost  in  moving  it;  while  if  it  is 
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too  loose,  there  will  be  slipping.  In  either  case,  its  speed,  as 
well  as  the  difference  in  tension  between  its  two  sides,  will 
be  reduced.     So  also  then  will  be  the  power  transmitted. 

If  IF  is  the  width  of  a  belt  in  inches,  and  V  its  velocity 
of  travel  in  feet  per  minute,  the  horse-power  transmitted 
will  be : — 

H.P.  =  1^.     Hence  W=K—^' 

iT  is  a  constant  depending  on  the  character  of  the  belt. 
For  single  belting,  K  varies  from  1000  to  800;  while  for 
double  belting,  its  value  is  about  600. 

28.  Horse-Power. — Whether  horse-power  be  termed 
mechanical  or  electrical,  it  is  still  one  and  the  same  thing ; 
namely,  an  expression  signifying  a  certain  rate  of  doing 
work,  the  prefix  "  electrical "  merely  indicating  that  it  is 
used  in  connection  with  electrical  quantities  (Chap.  /.). 

It  used  to  be  the  custom  to  speak  of  the  nominal  H.P, 
of  engines,  but  this  term  was  vague,  and  so  has  dropped 
out  of  use.  When  an  engine  was  said  to  be  of  so  many 
nominal  H.P,,  it  meant  nothing  more  than  that  the  engine 
was  supposed  to  be  able  to  yield  about  that  amount  of 
power.  The  actual  power  developed  was  generally  found 
to  be  considerably  less  than  its  rated  nominal  value.  The 
indicated  HP,  is  the  calculated  hoi'se-pov'er  as  indirectly 
determined  during  the  working  of  the  engine ;  while  the 
effective  or  h*a1ce  H.P,  (B.H.P.)  is  that  actually  given  out 
by  the  crank-shaft,  and  measured  by  a  dynamometer 
(§  128).  The  eflfective  H.P.  is  slightly  less  than  the  indi- 
cated H.P.,  the  difference  being  absorbed  by  the  engine 
in  movinor  itself. 
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CHAPTER  X.— QUESTIONS. 

In  answering  these  qiiestions^  give  sketches  wherever  possible. 

1.  One  coil  of  a  drum  armature  gets  very  hot  when  the  machine 
is  running  unloaded.  What  is  the  cause,  and  what  is  the  cure? 
[Ord.  1898.] 

2.  Draw  the  kind  of  characteristic  curve  which  it  is  necessary  that 
a  series- wound  dynamo  should  have  if  it  is  to  be  used  for  lighting  a 
number  of  arc  lamps  arranged  in  series.  Explain  the  reason  why  the 
characteristic  should  be  of  the  shape  shown  by  you.    [Ord.  1892.] 

3.  What  kind  of  djmamo  is  the  best  for  use  for  charging  accumu- 
lators, and  why  ?    [Ord.  1898.] 

4.  Distinguish  between  indicated  Jff.P.,  brake  ir.P.,  effective  H.P., 
nominal  H.P.,  and  electrical  H.F.  An  engine  coupled  direct  to  a 
dynamo  is  indicating  100  H.P.,  what  would  you  expect  the  values  of 
the  quantities  to  iS?  How  many  amperes  would  you  expect  to 
get  at  100  volts?    [Ord.  1891.] 

5.  Describe  a  simple  shunt  dynamo,  and  show  how  the  electro- 
motive force  of  such  a  machine  can  be  regulated.    [Ord.  1891.] 

6.  How  could  the  slight  up-and-down  motion  of  the  core  of  a 
solenoid  carrying  a  varying  current  be  arranged  to  alter  the  resistance 
in  a  rheostat  circuit,  as  briefly  referred  to  in  §  13  ? 

7.  What  is  the  difference  (a)  in  connections,  (6)  in  construction, 
between  a  shunt- wound  and  a  series-wound  dynamo  1  Why  nre  arc- 
lighting  machines  not  generally  shunt  wound  ?    [Ord.  1896.] 

8.  Show  by  means  of  sketches  the  methods  used  for  connecting 
compound- wound  dynamos  in  parallel.     [Ord.  1897.] 

9.  Give  sketches  showing  the  way  in  which  (a)  two  shunt  dyna- 
mos, (6)  two  compound-wound  dynamos  should  be  connected  so  as 
to  work  in  parallel,  and  explain  your  object  in  connecting  them  as 
shown.    [Ord.  1901.] 

10.  Sketch  diagrams  of  connections  you  would  employ  to  do  the 
following : — 

(a)  Couple  two  equal  series  dynamos  in  parallel. 

(6)  Couple  two  equal  shunt  dynamos  in  series.    [Ord.  1893.] 

11.  Why  is  it  dangerous  to  lift  the  brushes  of  a  shunt- wound 
dynamo  when  shutting  down  ?  State  what  would  occur  if  you  were 
to  lift  the  brushes  of  a  running  shunt- wound  dynamo  (a)  while  a 
fair  load  of  lamps  are  being  supplied  ;  (b)  when  no  current  is  being 
supplied  to  the  external  circuit.    [Ord.  1896.] 
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12.  Explain  why  it  is  generally  found  impossible  to  do  any  of  the 
following  things  : — 

(a)  Charge  a  battery  from  a  plain  series  dynamo  ; 
(6)  Couple  two  plain  series  dynamos  in  parallel ; 

(c)  Couple  two  plain  shunt  dynamos  in  series  ; 

(d)  Operate  several  ordinary  electric  bells  in  series.    [Ord.  1892.] 

13.  How  should  a  dynamo  be  wound  to  give  constant  pressure 
with  varying  load  at  a  distance  from  the  machine  1    [Ord.  1897.] 

14.  What  are  the  ad  vantages  and  draw  backs  of  cast-steel  for  dynamo 
magnets  ?  What  is  the  best  cast-steel  that  1  as  been  made  up  to  the 
present  time  for  this  purpose  ]    [Ord.  1897.1 

15.  A  drum  armature  in.  a  2-pole  field  contains  150  external 
conductors,  it  runs  at  550  revolutions  per  minute.  Find  the  total 
flux  passing  through  the  armature  which  is  required  to  produce  an 
electromotive  force  of  115  volts  on  open  circuit.    [Ord.  1893.] 

16.  Calculate  the  resistance  of  a  gramme  armature  wound  with  144 
turns  of  rectangular  wire  0*2  x  0*21  in.,  length  of  armature  core 
without  insulation  12  ins.,  radial  depth  2*5  ins.  The  resistance  of  100 
yds.  of  copper  rod,  one  square  inch  in  cross  section,  is  0'0025  ohm. 
How  would  you  measure  the  resistance  of  such  an  ariSiature  ] 
[Ord.  1898.] 

17.  A  gramme  armature,  intended  for  a  2-pole  field,  has  120  turns 
of  conductor  wound  upon  it.  Give  the  total  flux  required  through 
armature  core  if  an  electromotive  force  of  100  volts  is  to  be  induced 
at  a  speed  of  1000  revolutions  per  minute.    [Ord.  1894.] 

18.  With  several  direct- current  dynamos  running  in  parallel,  how 
would  you  determine  if  one  was  running  as  a  motor  ?     [Ord.  1898.] 

19.  What  difficulties  are  likely  to  occur  in  chaining  batteries  with 
a  compound-wound  machine,  and  what  precautions  would  you  take 
to  avoid  them  ]    [Ord.  1898.] 

20.  Given  a  ring  armature  10  ins.  long,  10  ins.  diameter,  1  in. 
rad  al  thickness  of  iron  ;  what  wire  would  you  use  to  give  110  volts, 
and  what  current  would  be  suitable  1  Speed,  1000  revolutions  per 
minute.    [Ord.  1895.] 

*21.  A  shunt  dynamo,  after  being  rewound,  is  run  at  full  speed,  but 
fails  to  excite  its  field  mngnets.  Wliat  are  the  various  possible 
causes,  and  how  would  you  ascertain  to  which  one  the  fault  in  the 
particular  case  was  due  ?     [Prel.  1899.] 

*22.  You  have  a  shunt  dynamo  which  is  arranged  to  run  in  a 
counter  clock-wise  direction :  what  changes  would  you  have  to  make 
if  the  dynamo  were  required  to  be  run  in  the  opposite  direction  ] 
[Prel.  19C0.] 

23.  How  does  the  current  in  the  armature  bars  under  the  pole 
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face  in  a  continuous  current  dynamo  affect  the  field  distribution  in 
the  air-gap  ]  How  does  varying  the  position  of  tha  plane  of  com- 
mutation in  the  interpolar  space  with  a  given  load  affect  the  field 
excitation  required  for  a  constant  voltage  with  constant  speed? 
[Ord.  1900.] 

24.  Name  the  several  causes  of  waste  of  energy  in  a  continuous 
current  dynamo  machine,  and  state  what  devices  are  necessary,  and 
what  precautions  should  be  taken  to  ensure  these  being  a  minimum 
in  any  given  design.     [Ord.  1902.] 

25.  1  ou  have  to  design  a  dynamo  to  give  100  K.w.  at  500  volts. 
State  how  you  would  proceed  in  order  to  determine  the  principal 
dimensions  of  the  armature.  Give  an  example  and  obtain  a  first 
approximation  of  the  dimensions.     [Ord.  1902.] 

26.  Is  the  flesh  side  or  the  hair  side  of  a  leather  belt  run  against 
the  pulley  of  a  dynamo  ?  Give  reasons.  Also  state  what  advantages 
there  are  in  rope  driving  over  belt  driving.    [Ord.  1896.] 

27.  A  dynamo  takes  98  horse-power  to  drive  it,  and  runs  at  500 
revolutions  per  minute.  If  it  is  driven  by  a  belt,  and  the  pulley  is 
24  ins.  in  diameter,  what  will  be  the  difference  in  tension  between 
the  driving  and  the  slack  sides  of  the  belt  ?    [Ord.  1902.] 

28.  A  rectangular  frame  is  wound  with  100  turns  of  wire,  the 
average  area  enclosed  by  the  turns  of  wire  is  500  sq.  cms.,  and  the 
frame  is  revolved  at  1000  revolutions  per  minute  about  an  axis 
bisecting  the  frame,  and  lying  in  the  plane  of  the  coils  in  an  uniform 
magnetic  field  of  750  C.G.S.  units,  the  axis  of  rotation  being  at  right 
angles  to  the  direction  of  the  field.  What  will  be  the  value  of  the 
alternating  E.M.F.  generated  1    [Ord.  1903.] 

29.  Discuss  the  merits  and  demerits  of  "resistance"  commuta- 
tion and  "E.M.F."  commutation  in  D.C.  dynamos,  and  point  out 
the  conditions  under  which  one  or  the  other  is  to  be  preferred. 
[Ord.  1903.] 

30.  If  in  Question  28  all  the  conditions  remain  the  same,  but 
instead  of  the  100  turns  of  wire  being  in  one  or  parallel  planes  they 
are  distributed  around  the  surface  of  a  cylinder  of  non-magnetic  and 
non-conducting  material  (to  form  a  drum  or  barrel  winding),  and 
provided  with  a  commutator  sector  at  each  turn,  and  brushes  as  in 
a  dynamo,  what  will  be  the  steady  E.M.F.  generated,  neglecting  any 
consequences  that  might  result  from  some  coils  being  short  circuited 
at  the  brushes  ?    [Ord.  1903.] 
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Chapter^  paragraph^  and  figure  numbers  in  italics  refer  to  Vol,  J. 
{5th  Ed.) ;  and  those  in  heoAyy  type  to  "  Electric  Wiring,  Fittings, 
Sunkhesy  and  Lamps'*  (3rd  EdJ), 

*29.  Introduction. — In  this  chapter  we  are  concerned 
with  alternating  currents.     To  explain  the  action  of  such 
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in  the  light  of  any  of  the  advanced  theories  would  be 
extremely  di£Scult,  if  not  impossible,  in  an  elementary 
work  like  this.  Hence,  it  becomes  necessary  to  adopt  the 
same  simple  theory  as  is  used  in  Chaps.  IL  and  IIL  in 
the  first  volume  of  this  work,  and  is  more  fully  explained 
in  the  Author's  First  Book  of  Electricity  and  Magnetism, 

*30.  Alternating  Current. — The  simplest  kind  of 
current  is  that  derived  from  a  battery.  This  is  a  steady 
direct  current,  and  its  principal  properties  have  already 
been  dealt  with  in  Chaps.  IL  and  ///.  A  well- 
designed  direct-current  dynamo  gives  a  current  which  is 
very  nearly  similar  in  its  eflfects  to  that  of  a  battery ;  and 
for  practical  purposes,  the  laws  which  apply  to  the  cun-ent 
from  a  battery  may  be  applied  equally  well  to  that  from  a 
dynamo,  or  from  a  rectifier  (Chap.  XVI.). 

If  a  reversing  smtch  JS,^  inserted  in  the  circuit  of  a 
battery  or  direct-current  dynamo,  as  shown  in  Fig.  30,  be 

*  The  construction  and  action  of  this  form  of  reversing  switch  are 
as  follows : — On  an  insulating  base,  e,  pivoted  at  p,  and  provided 
with  a  handle,  h,  are  mounted  the  |J -shaped  piece  of  metal,  ++) 
and  the  straight  piece,  — ,  to  which  the  +  and  —  poles  of  the  battery 
are  respectively  connected.  When  the  switch-handle  is  in  the  position 
shown,  the  metal  tongues,  TT,  connected  with  the  extremities  of  the 
outer  circuit,  (7,  rest  on  +  +,  and  no  current  flows  from  the  battery. 
If  the  switch-handle  be  moved  to  the  right,  the  right-hand  1^  of  the 
IJ-piece  remains  in  contact  with  T,  and  the  straight  piece  touches 
Ty  a  current  consequently  flowing  round  0  in  a  counter-clockwise 
direction.  If  the  switch-handle  be  moved  to  the  left,  the  left-hand 
leg  of  the  IJ-piece  is  in  contact  with  T,  and  the  straight  piece  with 
T,  and  a  current  flows  round  (7  in  a  clockwise  direction.  Thus,  if 
h  be  constantly  worked  to  and  fro,  an  alternating  current  will  be  set 
up  in  G,  The  actual  apparatus  is  shown  in  Fig.  30a,  where  it  will 
be  noticed  that  the  connection  of  the  battery  is  reversed. 
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operated  at  regular  intervals,  alteraating  E.M.Fs.  will  be 
impressed  on  the  outer  circuit  C,  and  an  alternating  current 
will  be  set  up  therein,  as  conveniently  represented  by  the 
double-headed  arrows 


+  — ^ 
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T 

^' 
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Fig.  30.— Battery  and  Reversing  Switch  for  setting  up  an 
Alternating  Current. 

Supposing  the  circuit  C  had  no  inductance  or  other  dis- 
turbing eflfect,  the  current  or  rate  of  flow  of  electricity  in 


Fig.  30a. — Reversing  Switch  (J.  J.  Griffin  &  Sons). 


it  would  always  be  the  same,  but  would  be  reversed  in 
direction  at  regular  intervals,  as  shown  by  the  ''curve" 
in  Fig.  31. 

The  explanation  of  this  curve  is  as  follows : — Time  is 
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represented  along  the  horizontal  line  (say,  in  one-second 
intervals),  starting  from  the  left.  Current  in  one  direction 
is  shown  by  vertical  distances  above  this  line,  and  current 
in  the  other  direction  by  vertical  distiances  below  it.  It  is 
usual  to  style  currents  in  one  direction  +  (positive),  and 
those  in  the  opposite  direction  —  (negative) ;  but  these 
terms  are  confusing  to  the  beginner,  who  would  probably 
assume  that  a  "  +  current "  was  different  in  its  properties 
from  a  "  —  current."  We  shall  therefore  refer  to  them  as 
right-  and  left-hand  currents  respectively,  these  terms  well 
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Fig.  31. — Curve  of  an  Imaginary  Alternating  Current. 


conveying  the  idea  that  they  flow  in  opposite  directions 
round  the  circuit.  Suppose  at  the  time  of  commencing 
the  curve,  a '*  right-hand  current "  was  flowing,  and  that 
its  value  was  10  amperes,  and  suppose  also  that  the  direction 
was  reversed  every  second.  Our  curve  would  then  start  at 
the  point  a,  and  would  run  in  a  horizontal  direction  for  1 
second — i.  e.  from  a  to  I — when  it  would  suddenly  drop  to 
c,  the  current  having  been  reversed  :  the  "  left-hand  cur- 
rent," cd,  would  continue  for  1  second,  as  shown,  and 
would  then  immediately  change  to  the  "right-hand  cur- 
rent," e/.     During  the  fourth  second  the  current  would  be 
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"  left-handed/'  g  h,  during  the  fifth  second  "  right-handed," 
ij\  and  so  on. 

The  above  is  a  purely  imaginary  condition  of  things, 
however,  for  a  current  cannot  really  change  suddenly  from 
one  direction  to  another  at  its  full  value ;  but  it  is  useful, 
as  it  gives  the  student  a  preliminary  idea  of  an  alternating 
current. 


c 

Fio.  32. — Hydraulic  Analogue  to  illustrate  an  Alternating  Current. 

*31.  Alternating  Current  (cont,). — In  Chaps.  II.  and 
III.  a  steady  direct  current  was  likened  to  a  steady  flow 
of  water  in  one  direction  through  a  pipe.  An  alternating 
current  may  then  be  compared  with  the  movement  of 
water  in  the  pipe  when  the  direction  of  flow  is  changed 
more  or  less  rapidly.  Fig.  32  shows  a  pipe  bent  round  so 
as  to  form  a  complete  circuit,  which  includes  a  pump,  F ; 
the  whole  being  filled  with  water.  The  water  stands  for 
electricity,  the  pipe  for  the  conductor,  and  F  for  the  dynamo 
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or  alternator — according  to  its  method  of  working.  F  is 
represented  as  a  kind  of  small  water-wheel,  actuated  by  a 
pulley  or  handle  outside.  If  P  be  rotated  continuously  in 
one  direction,  its  action  is  analogous  to  that  of  a  battery 
or  direct-current  dynamo,  the  water  in  the  pipe  (electricity 
in  the  conductor)  being  set  flowing  in  one  direction.  If 
P  rotate  first  in  one  direction  and  then  in  the  other,  at 
regular  intervals,  it  represents  the  action  of  an  alternator, 
for  there  will  be  a  flow  of  water  in  the  pipe  (electricity  in 
the  conductor)  first  in  one  direction  and  then  in  the  other. 
Now  electricity — ^like  water — may,  for  the  purposes  of  this 
argument,  be  assumed  to  be  incompressible  ;  so  that  with 
a  given  flow  (current),  the  number  of  pints  of  water  or 
coulombs  of  electiicity  passing  any  point,  a,  in  the  pipe  or 
circuit,  is  the  same  as  the  number  passing  any  point,  b. 
Thus,  let  the  shaded  part,  C,  represent  one  pint  of  water 
or  one  coulomb  of  electricity.  When  G  moves  in  either 
direction,  all  the  other  units  of  water  or  electricity  in  front 
or  behind  it,  i.  e.  all  round  the  circuit,  move  at  exactly  the 
same  rate,  irrespectively  of  the  size  of  the  pipe  or  conductor, 
which  may  vary  at  different  parts  of  the  circuit.  In  other 
words,  tlie  flow  of  electricity,  in  coulombs  per  second 
(amperes),  is  the  same  at  all  parts  of  a  closed  series 
circuit.^  When  the  circuit  is  not  of  this  description,  i.  e. 
when  it  has  branches,  the  current  may  vary  in  different 
parts. 

Referring  still  to  Fig.  32,  let  us  consider  the  action  of 

alternating  flow  at  different  frequencies — i,  e,  at  different 

rates  of  alternation  (§  43).    The  faster  P  works,  the  greater 

its  water-motive  force,  and  the  more  rapid  will  be  the  flow 

1  Provided  it  has  negligible  capacity  (§§  33,  34,  etc.). 
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with  a  given  length  and  size  of  pipe  (circuit  conductor) ; 
it  being  presumed  that  there  is  very  little  waste  of  energy 
in  the  useless  carrying  round  of  water  in  the  spaces  ssss. 
Now  this  water-motive  force  is  clearly  analogous  to  the 
electro-motive  force  of  an  alternator.  The  frequency  of 
the  flow  (of  water  or  electricity)  does  not  depend  on  the 
value  of  water-motive  or  electro-motive  force,  but  on  the 
rate  at  which  the  latter  change  their  direction.  Thus,  if 
P  rotate  in  the  direction  of  the  top  arrow  for  half  a 
minute,  and  then  in  the  direction  of  the  dotted  arrow  for 
half  a  minute,  the  current  will  change  its  direction  twice 
a  minute.  Now,  with  a  given  length  and  size  of  pipe 
(circuit  conductor),  any  particular  pint  or  coulomb,  ft 
may  make  10,  20,  30,  or  more  *'  laps"  (journeys  round  the 
circuit)  before  the  reversal  of  flow  takes  place.  If  the 
direction  of  flow  be  changed  at  lesser  intervals,  i,  e,  if  the 
frequency  be  increased,  our  pint  or  coulomb  may  succeed 
in  making  only  two  or  three  journeys  round  in  one  direc- 
tion before  the  reversal  of  flow  occurs.  It  is  thus  con- 
ceivable that,  with  a  high  frequency,  one  unit  of  water  or 
electricity  may  traverse  only  a  part  of  the  circuit  (say, 
from  a  to  b)  before  it  has  to  turn  back,  and  that  the  greater 
the  frequency  the  less  the  distance  actually  travelled  over. 
Thus  this  path  may  decrease,  as  the  frequency  increases, 
to  a-a\  (h-a!\  or  a-oi!'\  it  being  remembered  that  there  is  a 
similar  movement  in  the  other  parts  of  the  circuit. 

The  motion  of  water  or  electricity  in  the  circuit  depicted 
in  Fig.  32  may  thus,  when  the  water  or  electro-motive  force 
has  medium  frequency,  be  compared  with  that  of  the 
balance-wheel  of  a  watch.  The  current  in  a  given  circuit 
may  consequently  be  supposed  to  be  proportional  to  the 
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distance  traversed  at  each  ialternation  by  any  given  coulomb, 
Cy  multiplied  by  the  number  of  alternations  per  second :  so 
that  if  the  current  be  kept  constant,  when  the  frequency  is 
doubled,  the  path  traversed  by  any  given  coulomb  will  be 
halved,  and  vice  versd.  It  will  be  remembered  that  cur- 
rent is  defined  as  the  number  of  coulombs  parsing  any 
given  point  in  a  circuit  per  second ;  and  in  the  case  of 
alternating  current  we  consider  the  actual  number  of 
coulombs  passing  by,  irrespective  of  their  direction  of  flow. 


^% 


;^r^ 


Fig.  33. — Hydraulic  Analogue  to  illustrate  an  Alternating  Current. 

Thus,  with  a  very  high  frequency,  it  is  conceivable  that 
the  coulomb  C  (Fig.  32)  will  merely  oscillate  in  front  of 
the  point  a"\  the  number  of  times  it  passes  this  point  in 
one  second  being  a  measure  of  the  current. 

The  greater  the  frequency,  the  sharper  the  to-and-fro 
movement  of  electricity;  and  the  comparatively  non- 
dangerous  character  of  extremely  high  frequency  currents, 
such  as  are  used  in  etheric  telegraphy  aad  other  work, 
may  be  roughly  accounted  for  by  supposing  that  the 
electricity  in  the  circuit  moves  over  so  minute  a  path,  that 
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the  current  is  indefinitely  small,  certain  retarding  effects 
increasing  with  the  frequency  (§§  48,  49,  54,  and  55). 

The  hydraulic  analogue  of  an  alternating-current  circuit 
is  often  illustrated  as  in  Fig.  33 ;  the  pulley,  j7,  representing 
the  rotating  part  of  the  alternator ;  the  force  of  the  pump 
piston,  P,  the  electro-motive  force  ;  and  the  up-and-down 
movement  of  the  piston,  the  reversals  in  the  direction  of 
the  electro-motive  force.  Good  as  this  analogy  is  in  some 
respects,  it  is  rather  a  faulty  one,  inasmuch  as  there  is  no 
actual  passage  of  water  through  the  pump;  and  the 
student  might  from  this  infer  that  there  was  no  passage 
of  electricity  through  the  alternator.  But  we  assume  that 
the  electricity  flows  through  the  alternator,  or  dynamo,  or 
battery,  just  as  it  does  through  the  other  paii;s  of  the 
circuit 

An  alternating  current  might  be  described  as  a  "  con- 
tinual oscillation"  of  electricity  in  the  circuit,  just  as  the 
movement  of  the  balance-wheel  of  a  watch  is  a  **  continual 
oscillation."  It  must  be  borne  in  mind,  however,  that  the 
use  of  the  term  "  electrical  oscillation "  is  applied  to  the 
movement  of  electricity  when  a  condenser  is  discharged,  a 
rapid  to-and-fro  movement  in  an  incomplete  circuit,  which 
dies  away  to  nothing.  This  movement  is  similar  to  that 
of  the  prong  of  a  tuning-fork,  or  of  one  end  of  a  compass- 
needle  coming  to  rest  in  a  strong  magnetic  field.  The 
term  oscillation  should  therefore  be  confined  to  the  case 
of  condensers,  to  prevent  confusion. 

*32.  Alternating  Current  (cotU.). — From  what  was 
said  in  Chap.  /  V.,  it  should  be  clear  that  it  is  impossible 
suddenly  to  start  a  current  at  its  full  value,  and  equally 
impossible  to  stop  it  suddenly ;  because  of  the  effects  of 
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inductance  or  self-induction,  etc.,  tbe  cuiTent  taking  time 
to  "  grow  "  and  time  to  die  away.  It  is  thus  even  more 
out  of  the  question  suddenly  to  reverse  a  current  in  a 
circuit. 

Although  it  is  possible  to  arrange  a  simple  circuit  or  to 
wind  a  coil  so  that  it  shall  have  little  or  no  inductance,  as 
shown  in  Fig.  34,  where  each  half  of  the  circuit  or  coil 
neutralizes  the  other's  magnetic  effect;  the  conductor  will 
still  have  capacity  (Chap.  II,),  and  this  also  exercises  a  dis- 
turbing effect  on  the  current.  Moreover,  a  coil  such  as  that 
shown  in  Fig.  34  would  be  useless  for  solenoids  or  electro- 
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magnets,  as  it  would  have  no  magnetic  field.  It  therefore 
follows  that  every  working  circuit  exercises  more  or  less  dis- 
turbing effect,  and  also  that,  in  the  case  of  an  alternating 
current,  this  disturbing  effect  is  continuous.  Consequently, 
the  "  curve  "  in  Fig.  31  does  not  represent  a  real  alternating 
current,  for  such  not  only  varies  in  direction,  but  is  also 
constantly  varying  in  strength.  With  a  given  circuit,  the 
changes  in  direction  and  strength  take  place  at  regular 
intervals,  and  an  alternating  current  is  thus  often  called  a 
periodic,  harmonic,  or  trnve  current.  In  fact,  the  curve  of  a 
real  alternating  current  is  a  series  of  waves,  which  may  be 
roughly  likened  to  those  set  up  in  a  rope  which  is  fixed  at 
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one  end,  while  its  other  end  is  rapidly  moved  up  and  down 
(Figs.  59,  62,  and  64). 

There  are,  however,  diflferent  kinds  of  alternating  cur- 
rent. That  with  which  we  are  mainly  concerned  in  this 
chapter  may  be  termed  a  simple  alternating,  or  single  phase, 
or  monophase  current,  to  distinguish  it  from  polyphase 
currents  (§§  61,  65,  139,  etc.). 

The  simplest  case  in  which  an  alternating  current  is 
set  up  is  when  two  Bell  telephones  are  used  as  transmitter 
and  receiver  respectively.  The  iron  plate  or  diaphragm  of 
the  telephone  used  as  transmitter,  is  caused  by  the  voice 
to  perform  motions  to  and  fro  in  front  of  a  magnet,  on  the 
end  of  which  a  coil  of  wire  is  placed.  The  changes  in  the 
strength  of  field  caused  by  the  motions  of  the  iron  disk, 
induce  E.M.Fs.  in  the  coil  of  wire ;  and  as  these  motions 
are  to  and  fro,  the  field  is  alternately  strengthened  and 
weakened,  the  result  of  the  movement  of  its  lines  being 
an  alternating  E.M.F.  in  the  coil,  which  is  cut  by  those 
lines.  As  the  transmitter  is  in  this  case  connected  to  an 
exactly  similar  telephone,  by  a  couple  of  wires  forming  the 
circuit,  a  current  alternates  in  the  circuit  and  coils  of 
both  instruments.  The  magnet  of  the  second  telephone 
(or  receiver)  being  correspondingly  strengthened  and 
weakened,  its  diaphragm  is  caused  to  perform  move- 
ments of  a  similar  character  to  those  of  the  transmitter 
diaphragm,  and  it  sets  up  sound  waves  in  the  air  in 
front  of  it.  The  transmitter  and  receiver  thus  really  act 
as  a  miniature  alternating-current  dynamo  and  motor 
respectively. 

The  magneto-machine  and  bell  so  much  used  in  tele- 
phone  and   other  work  aflford    another   example.      The 
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magQeto-machine  (sometimes  called  the  "ringer"  or 
"  generator ")  is  a  simple  form  of  alternating-current 
dynamo,  the  alternating  current  being  induced  by  the 
rotation  of  a  coil  of  wire  in  a  two-pole  magnetic  field 
(§  42) :  while  the  magneto  bell  may  be  likened  to  an 
alternating-current  motor,  for  its  hammer  will  only 
move  continuously  when  an  alternating  current  is  passed 
through  its  coils  (Chap.  F".). 

33.  Capacity  in  Alternating-Current  Circuits. — 
One   very   important  diflference   between  the    action   of 
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Fig.  35. — Direct-Current  Circuit  with  Condensers. 

direct  and  alternating  currents  is  shown  by  the  experi- 
ments illustrated  in  Figs.  35  and  36.  Here  two  circuits 
are  depicted,  each  containing  a  source  of  E.M.F.,  a  glow- 
lamp  i,  and  two  condensers  G,C;  but  in  the  first  the 
E.M.F.  is  due  to  a  direct-current  dynamo  Z>,  and  in  the 
second  to  an  alternator  A.  Now,  in  Fig.  34  it  is  clear  that 
no  current  can  flow  through  the  lamp,  even  if  one  of  the 
condensers  be  removed,  for  each  of  the  latter  interposes  a 
break  in  the  continuity  of  the  circuit.  In  Fig.  35,  on  the 
other  hand,  if  the  condensers  are  suitable  in  capacity,  the 
lamp  Z  will  light  up.      At  first  sight  this  result  seems 
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most  inexplicable ;  but  when  we  consider  the  action  of  the 
condenser,^  and  the  fact  that  the  alternator  is  keeping  up 
a  constant  surging  of  electricity  backwards  and  forwards 
between  the  plates  a  and  J,  it  becomes  evident  that  there 
must  also  be  a  corresponding  alternating  flow  of  electricity 
in  the  lamp  circuit,  between  the  plates  c  and  d.  The 
results  would  be  precisely  the  same  if  one  condenser  only 
were  employed  in  each  experiment ;  but  the  use  of  two 
makes  the  effect  in  the  latter  case  (Fig.  36)  all  the  more 
remarkable. 
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FiQ.  36. — ^Alternating-Current  Circuit  with  Condensers. 

It  will  be  noticed  that  in  the  experiments  above 
described  the  capacity  is  in  series  with  the  circuit,  i.e. 
there  is  no  continuous  conducting  path.  This  state  of 
things  effectually  prevents  the  continual  flow  of  a  direct 
current,  but  does  not  stop  the  "  action  "  of  an  alternating 
one. 

A  fuller  explanation  of  the  second  experiment  (Fig.  36) 
is  as  follows.  Before  the  alternator  is  working,  the  whole 
circuit  may  be  assumed  to  be  filled  with  electricity  evenly 

*  See  the  Author's  First  Book  of  Electricity  and  Magnetism, 
Second  Edition,  §  166. 
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distributed,  and  at  zero  potential  or  pressure.  Now  sup- 
pose the  alternator  to  work.  During  the  first  alternation, 
t.  e.  while  its  E.M.F.  is  in  one  direction  (§  43),  it  pumps 
electricity  through  itself  from  a  to  &,  causing  a  P.D. 
between  a  and  h  about  equal  to  its  own  E.M.F.  h  is 
consequently  +  ly.  electrified  and  a  —  ly.  electrified,  as 
indicated  by  the  signs  +  and  — .  Influence  (electrostatic 
induction)  now  takes  place  across  the  condenser  dielectrics, 
causing  a  rush  of  electricity  through  the  lamp  from  right 
to  left,  so  that  c  is  +  and  d  — .  During  the  second  alter- 
nation, that  is  when  the  reversal  of  the  alternator  E.M.F. 
occurs,  electricity  is  pumped  from  I  to  a  through  the 
alternator,  so  that  a  becomes  +  and  J  — ;  a  rush  conse- 
quently takes  place  afc  the  same  time  from  c  to  d,  c 
becoming  —  and  d  +,  and  so  on.  Thus  the  reversal  and 
flow  of  electricity  in  the  alternator  circuit  causes  a  corre- 
sponding reversal  and  flow  in  the  lamp  circuit. 

It  has  been  stated  that  the  same  results  would  have 
been  obtained  with  one  condenser  only  in  circuit.  This 
will  be  understood  from  what  follows.  In  Fig.  37,  A  is  an 
alternator,  with  two  wires  joined  to  its  terminals ;  one  of 
the  wires  being  severed,  and  a  lamp,  Z,  inserted.  The 
ends  of  the  wires  approach  very  closely,  as  at  a  and  &,  but 
are  not  in  contact,  a  sheet  of  glass  or  other  dielectric,  d, 
being  interposed  to  prevent  sparking  across.  The  alter- 
nator circuit  is  consequently  not  complete.  Now  the  ends 
of  the  wires  a  and  J,  and  the  dielectric  d,  virtually  form 
a  condenser  of  extremely  small  capacity,  and  the  alter- 
nator pumps  electricity  backwards  and  forwards  between 
a  and  K  But  in  this  case  very  little  electricity  passes  at 
each  reversal  of  the  E.M.F.,  owing  to  the  small  capacity 
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of  the  ends  of  the  circuit;  and  an  ordinary  lamp  will 
consequently  show  no  indication  of  a  current.  The  wires 
are  supposed  to  be  suspended  in  mid  air,  and  not  runnmg 
side  by  side  or  near  other  bodies,  as  we  wish  to  consider 
the  circuit  as  only  having  appreciable  capacity  at  its  ends. 
When  the  alternator  is  pumping  in  one  direction,  say 
from  a  to  6,  a  quantity  of  electricity  will  pass  sufficient  to 
make  the  P.D.  between  a  and  b  equal  to  the  E.M.F.  of 
the  alternator  ;  or,  in  other  words,  the  condenser  a  b  will 
be  charged  to  the  potential  of  the  alternator.     Now,  the 
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Fig.  37. — Action  of  Condenser. 

smaller  the  capacity  of  a  condenser,  the  less  is  the  dis- 
placement of  electricity  necessary  to  raise  the  P.D. 
between  its  coatings  to  a  given  amount.  In  the  present 
case,  because  of  the  extremely  small  capacity  of  the  ends 
of  the  circuit,  only  a  very  minute  quantity  of  electricity 
will  pass  from  a  to  h.  When  the  alternator  reverses  its 
E.M.F.,  another  small  quantity  of  electricity  will  be 
pumped  from  &  to  a ;  and  so  on,  backwards  and  forwards 
with  every  alternation  of  the  E.M.F. 

By  putting  metal  plates  on  each  side  of  the  dielectric, 
d,  as  shown  by  the  dotted  lines  p,  p,  the  capacity  of  the 
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adjacent  ends  of  the  circuit  {i.  e.  of  the  condenser)  will 
be  greatly  increased,  and  a  much  greater  quantity  of 
electricity  will  pass  to  and  fro  through  the  lamp.  But  the 
current  will  still  be  insuflScient  to  light  it  with  a  simple 
two-plate  condenser  such  as  this,  unless  of  very  unwieldy 
dimensions,  or  unless  an  enormously  high  E.M.F.  be 
employed.  It  will  be  seen,  however,  that  by  using  a 
large  or  multiple-plate  condenser  of  sufficient  capacity,  an 
ordinary  E.M.F.  will  cause  enough  electricity  to  pass  to 
and  fro  to  light  a  lamp,  or,  if  need  be,  a  number  of  lamps. 

It  has  been  explained  how  what  is  practically  an  alter- 
nating current  can  be  kept  up  all  round  the  circuit,  even 
if  one  or  two  condensers  be  inserted  therein  (Figs.  36  and 
37) ;  and  the  reader  should  now  be  able  to  understand 
that  the  fanciful  arrangement  of  things  depicted  in 
Fig.  38  is  possible;  any  number  of  lamps,  Z,  and  con- 
densers, Cy  being  joined  consecutively  in  the  circuit  of  an 
alternator,  A ;  the  lamps  burning  brilliantly  if  the 
condensers  are  of  sufficient  capacity,  and  the  E.M.F.  high 
enough. 

As  will  be  presently  pointed  out,  every  electric  circuit 
possesses  more  or  less  capacity,  owing  to  the  proximity  of 
the  conductors  to  each  other  and  to  the  Earth.  Whether 
capacity  can  be  extensively  made  use  of  in  ordinary 
methods  of  alternating-current  electricity  supply,  is  as 
yet  an  open  question.  Mr.  James  Swinburne  has  main- 
tained that  it  can,  and  has  constructed  tinfoil  condensers 
with  thick  paper  dielectric  compressed  between  metal 
plates,  and  placed  in  a  solid  air-tight  iron  box  filled  with 
special  insulating  material  of  an  oily  nature  to  maintain 
the  insulation.     We  cannot  enter  into  the  consideration 
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of  the  circumstances  under  which  condensers  have  been 
or  are  being  applied,  as  they  are  used  only  in  isolated 
cases  at  present. 

At  all  events,  the   results  depicted  in  Figs.  36  to  38 


L(J!)        C  L(^        C 

Fig.  38. — Condensers  in  Circuit. 


are  closely  related  to  many  beautiful  experiments  with 
alternating  currents  of  extra  high  pressure  and  frequency, 
which  certainly  seem  to  foreshadow  great  advances  on  the 
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Fig.  39. — Electric  Cable  as  a  Condenser. 

methods   of    electrical   distribution    and    lighting    as   at 
present  carried  out. 

34.  Capacity  in  Alternating-Current  Circuits 
(cont), — The  reader  will  probably  have  been  puzzled  by 
the  statement  made  at  the  end  of  the  preceding  para- 
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graph,  to  the  effect  that  every  ordinary  electric  circuit 
possesses  more  or  less  capacity.  Such  is  the  case,  but  the 
capacity  is  in  parallel  with  the  circuity  not  in  series  with  it 
as  in  Figs.  35  to  38. 

In  Fig.  39,  G  is  an  electric  cable  laid  direct  in  the 
ground,  or  in  a  conduit.  The  conductor  forms  one- coating 
of  the  condenser,  the  insulation  of  the  cable  the  dielectric, 
and  the  outer  metal  sheathing  (if  any),  material  of  the 
conduit  (if  metal),  or  the  Earth,  the  other  coating.  This 
state  of  things  may  be  diagrammatically  represented  as 
in  Fig.  40,  where  we  may  imagine  the  conductor  of  the 

EARTH 


CABLE  INSULATION 


CABLE 
Fig.  40.— Capacity  of  Cable. 

cable  as  joined  at  intervals  to  the  coatings  of  condensers, 
the  other  coatings  being  connected  with  Earth.  From  this 
it  is  clear  that  the  capacity  is  in  parallel  with  the  cable. 

If  the  cable  have  no  metal  sheathing,  and  be  placed  in  a 
roomy  conduit,  the  air  surrounding  it  and  also  the  con- 
duit (if  non-metallic)  form  part  of  the  dielectric  of  our 
imaginary  condenser  system;  and  the  capacity  is  then 
much  less,  as  the  "  coatings  "  of  the  condenser  are  farther 
apart. 

Suppose  there  are  two  cables  running  side  by  side  in 
a  pipe  or  conduit,  or  in  the  ground,  as  represented  in 
Fig.  41,  which  cables  may  or  may  not  form  part  of  the 
same  circuit:  we   may  then   look   upon   the   two  cable 
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conductors  as  the  respective  coatings  of  the  condenser, 
and  the  two  insulating  coverings,  etc.,  in  between,  as  the 
dielectric.  The  conception  of  this  state  of  things  as  a 
condenser  is  not  so  easy  as  in  the  case  of  a  single  cable 
laid  in  the  ground;  but  it  is  made  clearer  in  Fig.  42, 
which   represents  a   section  of  what   lies   between  one 


Fig.  41. — Capacity  of  Cables. 


conductor  and  the  other.  The  break  in  the  condenser 
dielectric  (cable  insulation)  caused  by  the  presence  of 
the  cable  sheathing  or  containing  pipe,  the  earth,  or  air, 
practically   makes    little    difference    in    the   "condenser 
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Fig.  42.— Capacity  of  Cable. 


I  CONDUCTOR 


action  "  between  the  two  cable  conductors,  as  the  cables 
usually  lie  close  together. 

The  greater  the  length  of  the  cables,  and  the  closer 
together  or  to  Earth  they  are,  the  greater  their  capacity. 
As  a  rule,  armoured  cables  have  greater  capacity  than 
unarmoured  ones ;  and  the  capacity  of  unarmoured  cables 
is  increased  when  they  are  placed  in  iron  conduits.     The 
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capacity  of  underground  armoured  mains  varies  from 
about  '3  to  '6  microfarads  per  mile.  It  depends  some- 
what upon  their  size  and  construction,  and  is  reduced  by 
employing  paper  instead  of  india-rubber  as  dielectric. 

35.  Effect  of  Capacity  in  the  Circuit. — The  effect 
of  capacity  upon  the  current  in  an  alternating-current 
circuit  is  exactly  opposite  to  that  of  inductance,  for  it 
assists  or  tends  to  assist  the  current  to  rise  to  its  maxi- 
mum value  sooner  than  it  would  otherwise  do,  whereas 
inductance  retards  or  tends  to  retard  the  current  (Chap. 
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Fig.  43. — Capacity  in  an  Alternating-Current  Circuit. 

IV.),     This  eflfect  is  the  same  whether  the  capacity  is  in 
series  or  in  parallel  with  the  circuit. 

In  Fig.  43,  A  is  an  alternator,  the  mains  from  which 
run  for  a  long  distance  side  by  side,  and  feed  a  number 
of  transformers,  etc.  For  convenience  we  place  the 
transformers,  T  T,  at  the  far  end  of  the  circuit,  and 
think  of  the  condenser  effect  of  the  first  portion.  The 
alternator  is  constantly  pumping  electricity  backwards 
and  forwards  between  the  mains  M  M  M  and  M  M  Jf, 
and  these  may  be  looked  upon  as  the  opposite  coatings  of 
a  condenser.  Let  us  suppose  the  alternator  first  pumps 
from  M  to  M\  electricity  will  be  heaped  up,  so  to  speak, 
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on  Jf,  and  a  deficit  left  on  M,  M  being  +  and  M  — . 
Now,  neglecting  for  the  moment  the  latter  end  of  the 
circuit,  suppose  the  alternator  were  suddenly  stopped  : 
there  would  then  be  a  momentary  return  flow  of  electricity 
from  M  to  M  through  the  alternator ;  in  other  words,  the 
condenser  would  discharge  itself.  If  the  alternator  go 
on  working,  however,  it  is  obvious  that  the  electricity 
heaped  up  on  M  helps  or  increases  the  flow  when  the 
alternator  begins  to  pump  from  M  to  M,  M  then  becomes 
+  and  M'  — ,  and  when  the  alternator  again  reverses  its 
E.M.F.,  the  +  charge  on  M  flows  round  to  if,  and  helps 


Ji-       -i-       -h  ^  i-       -H      -^       -t-^ 
Fig.  44. — Capacity  of  Cables. 

the  ordinary  current.  This  auxiliary  current,  if  we  may 
so  call  it,  is  generally  termed  the  condenser  current,  and  is 
clearly  greater  the  greater  the  capacity  of  the  mains.  In 
the  above  explanation  we  have  to  suppose  that  the  alter- 
nator is  pumping  to  and  fro  very  slowly,  whereas  the 
reversals  of  E.M.F.  really  take  place  several  times  a 
second  (§  43). 

When  the  **  go "  and  "  return  "  mains  do  not  run  side 
by  side,  the  condenser  action  may  be  pictured  as  follows : — 
Suppose  the  alternator  to  pump  from  left  to  right  (Fig. 
44),  a  surplus  is  heaped  up  on  the  right-hand  cable,  and 
a  deficit  created   in  the  left-hand  one;   influence  takes 
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place,  and  —  and  +  charges  respectively  are  influenced 
(or  induced)  on  the  outsides  of  the  cables,  as  shown  by 
the  signs.  If  the  alternator  E.M.F.  suddenly  stopped, 
there  would  be  a  momentary  current  from  right  to  left 
through  the  alternator.  It  is  clear,  therefore,  that  when 
the  alternator  reverses  its  E.M.F.,  there  will  be  a  greater 
transference  of  electricity  (from  right  to  left)  than  there 
was  when  the  alternator  first  started  and  pumped  from 
left  to  right.  The  left-hand  cable  will  then  become  +  ly. 
charged,  and  the  right-hand  one  —  ly.  charged,  and  the 
discharge  will  help  the  alternator  when  it  again  reverses 
its  E.M.F. 

There  is  one  difficulty  which  will  probably  have  occurred 
to  the  reader,  and  that  is,  that  the  two  cables  in  Fig.  43 
being  connected  across  at  various  points  by  transformers, 
etc.,  are  not,  consequently,  strictly  analogous  to  the  insu- 
lated plates  of  a  condenser.  In  Fig.  45,  for  instance,  C,  0,  C, 
etc.,  are  condensers  representing  the  capacity  of  the  two 
cables,  T,  T,  T,  etc.,  the  primary  coils  of  transformers 
connected  between  them,  and  A  the  alternator.  Now 
of  course,  any  metallic  cross-connection  would  prevent  the 
charging  of  the  condensers  with  a  steady  direct  pressure ; 
but  it  is  conceivable — and,  indeed,  is  proved  by  practice — 
that  with  a  rapidly  alternating  pressure,  the  condenser  action 
is  not  perceptibly  aflfected  if  the  cables  be  connected  across 
by  some  non-inductive  resistaTice — ^glow-lamps  for  example. 
When  inductive  resistanceSy  such  as  transformers,  are  joined 
to  the  cables  (Fig.  45),  the  capacity  effect  will  be  reduced 
in  consequence  of  the  inductance  thus  put  in  circuit, 
though  when  a  transformer  is  fully  loaded  with  glow- 
lamps  or  other  non-inductive  work,  its  inductance  becomes 
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negligible.  Capacity  and  inductance  tend  to  neutralize 
each  other  only  when  both  are  distributed  along  the  whole 
length  of  the  circuit,  as  in  Fig.  45.  In  Fig.  43,  the 
capacity  of  the  first  part  of  the  circuit  would  be  little 
aflfected  by,  or  have  little  effect  on,  the  inductance  at  the 
far  end  (§§  37,  47). 

A  circuit  is  indicctive  or  non-inductive  according  as  it 
has  appreciable  or  negligible  inductance.  Similarly,  as 
regards  capacity,  it  is  here  suggested  that  we  might  speak 
of  circuits  as  being  capacious  or  non-capaciovs. 
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Fig.  45. — Capacity  and  Inductance  on  Cables. 

36.  Inductance,  Capacity,  etc.,  in  a  Direct-Cur- 
RENT  Circuit. — In  direct-current  work  it  is  generally 
suflScient  to  liken  a  current  to  a  steady  flow  of  water 
through  a  metal  pipe,  the  rate  of  flow  representing 
current,  the  pressure  on  the  water — ^E.M.F.,  and  the 
resistance  of  the  pipe — resistance  in  the  electrical  circuit. 
But  here  there  is  no  good  analogy  for  inductance,  or  for 
capacity  ;  which  two  quantities  are  nearly  always  present 
in  an  alternating-current  circuit.  Consequently,  some 
other  help  is  necessary  to  enable  us  to  picture  in  our 
minds  the  phenomena  of  an  alternating  current,  and  to 
compare  them  with  those  of  a  direct  current. 
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In  a  course  of  lectures  delivered  at  the  Royal  Institution, 
in  1895,  Professor  Forbes  employed  various  mechanical 
analogies  to  illustrate  electrical  phenomena,  and  these 
we  shall  here  make  use  of,  with  certain  extensions  and 
modifications.^ 

In  Fig.  46  (a),  T  JV  is  a,  short  length  of  thick  wire, 
which  is  supposed  to  be  held  vertically  by  its  upper  end, 
T,  between  the  fingers  and  thumb  of  the  left  hand.  Twist 
the  top  of  the  wire  with  the  fingers  and  thumb  of  the 
right  hand  continuously  round  in  the  direction  indicated 
by  the  curved  arrow,  and  assume  the  twisting  force 
applied  to  correspond  with  the  E.M.F.  in  the  electric 
circuit,  and  the  rotation  of  T  Wio  represent  the  current. 
Then,  assuming  that  the  wire  is  merely  steadied  by  the 
left  hand  while  it  is  being  twisted  by  the  right,  T  W 
corresponds  with  an  electric  circuit  in  which  there  is 
practically  no  resistance,  inductance,  or  capacity;  for  it 
may  be  set  rotating,  kept  rotating,  and  stopped,  without 
appreciable  eflfort — i,  e,  the  current  may  be  started  or 
stopped  at  once,  or  kept  up  with  a  very  small  expenditure 
of  energy. 

In  Fig.  46  (6),  a  large  paper  vane,  F",  is  fastened  to 
the  wire.  The  effect  of  this  is  to  oppose  continuous  air 
resistance  to  the  rotation  of  T  W,  although  it  does  not 
appreciably  retard  the  setting  up  or  stopping  of  that 
rotation.  This  air  resistance  must  be  compared  with 
electrical  resistance,   and   the   arrangement   then   corre- 

*  The  teacher  or  student  should  not  be  content  with  merely 
explaining  or  reading  through  the  account  of  the  following  experi- 
ments, but  should  himself  experiment  with  the  simple  contrivances 
depicted  in  Figs.  46  and  47. 
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spends  with  a  circuit  in  which  there  is  appreciable 
resistance,  but  practically  no  inductance  or  capacity.  If 
the  same  twisting  force  be  applied  as  in  case  (a),  the 
rotation  of  the  wire  will  not  be  so  rapid ;  in  other  words, 
with  a  given  E.M.F.,  the  presence  of  resistance  diminishes 
the  current. 

In  Fig.  46  (c),  a  disk  of  lead,  Z,  or  other  heavy  body, 
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Fig.  46. — Mechanical  Devices  illustratiug  the  Phenomena  of  a 
Direct-Current  Circuit. 

is  tightly  fixed  to  the  end  of  T  W.  Now,  while  the  air 
offers  little  or  no  resistance  to  the  turning  of  i,  on 
account  of  its  shape;   the  latter,  because  of  its  inertia,^ 

^  Inertia  is  that  property  of  a  body  in  virtue  of  which  it  resists 
being  set  in  motion,  having  its  motion  changed,  or  being  stopped 
when  in  motion.  The  inertia  of  a  body  depends  upon  its  weight 
(or,  more  strictly,  its  mass),  and  also,  to  some  extent,  upon  its  shape. 
Force  is  necessary  to  overcome  inertia,  for  it  requires  considerable 
force  to  set  a  heavy  body  (a  flywheel,  for  instance)  in  motion,  and 


§36.]  MEGHANIGAL  ANALOGIES.  91 

opposes  considerable  momentary  resistance  to  the  setting 
up  of  motion  in  T  W,  and  it  also  tends  to  prevent  the 
sudden  stopping  of  T  W.  The  addition  of  Z  therefore 
has  the  eflfect  of  adding  inertia  to  the  contrivance  as  a 
whole,  and  it  will  be  found  to  require  appreciable  effort 
to  set  T  W  rotating ;  and  when  in  motion  it  will  resist 
any  sudden  stoppage.  This  mechanical  inertia  is  com- 
parable with  the  inductance  (sometimes  called  electric  or 
electro-magnetic  inertia)  in  the  electric  circuit,  the  effect 
of  which  is  to  oppose  momentarily  the  starting,  changing, 
or  stopping  of  a  current  (Chap.  IV,),  Fig.  46  (c)  thus 
presents  the  mechanical  analogy  of  a  circuit  with  resistance 
and  inductance,  but  without  capacity. 

In  the  above  examples  E.M.F.  has  been  likened  to  a 
twisting  or  rotating  force,  current  to  rotation,  electrical 
resistance  to  air  friction  or  resistance,  and  inductance 
to  inertia.  We  must  now  get  something  to  represent 
capacity.  In  Fig.  46  {d\  IE  is  an  india-rubber  or  other 
flexible  rod  or  tube  rigidly  fixed  at  the  bottom,  say,  to  a 
block  of  wood,  By  which  cannot  move ;  and  P  is  a  pointer 
(such  as  a  pin)  stuck  into  the  upper  end  of  IB,  to 
indicate  its  movement.  It  will  now  be  shown  that  this 
arrangement  is  typical  of  a  condenser.  If  E.M.F.  be 
applied  to  a  condenser,  there  will  be  a  momentary  current 
due  to  the  rush  of  electricity  into  one  of  its  coatings  (or 
set  of  coatings)  and  out  of  the  other,  which,  in  amount, 
will  depend  upon  its  capacity;  and  the  displaced  electricity 
will  represent  the  charge  in  the  condenser.     If  the  E.M.F. 


also  considerable  force  to  stop  it.    When  a  body  is  in  motion,  it  is 
said  to  have  momentum. 
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be  removed,  and  the  condenser  left  insulated,  it  will  retain 
its  charge :  but  when  the  condenser  terminals  are  con- 
nected by  a  conductor,  it  will  discharge  itself,  there  being 
a  sudden  rush  of  electricity  (momentary  current)  in  the 
opposite  direction.-^  Turning  now  to  our  mechanical  ana- 
logue, Fig.  46  (d) ;  on  applying  a  twisting  force  (E.M.F.) 
to  the  top  of  IB,  there  will  be  a  certain  rotation  of  P 
(current)  until  the  force  with  which  IB  tends  to  untwist 
equals  the  twisting  force.  The  amount  of  twist  (charge) 
that  can  be  put  upon  IB  depends  on  its  flexibility 
(capacity),  and  on  the  twisting  force  (charging  E.M.F.) 
applied.  When  IB  has  been  twisted  as  much  as  possible, 
let  its  top  be  fixed  (insulated)  by  means  of  a  clamp ;  it 
will  then  represent  an  insulated  charged  condenser.  Now 
release  the  clamp,  and  IB  will  fly  round,  as  indicated  by 
P,  this  being  equivalent  to  discharging  the  condenser,  the 
momentary  movement  of  P  representing  the  momentary 
current  of  discharge.  It  is  evident  that  IB  might  be 
replaced  by  a  coiled  spring,  as  shown  in  Fig.  46  (e).  These 
experiments  (d  and  e)  only  serve  to  show  the  effect  of 
capacity  in  a  condenser  circuit,  as  distinguished  from  one 
which  is  completely  closed  to  allow  of  the  continuous 
passage  of  electricity. 

Fig.  46  (/)  illustrates  a  circuit  with  capacity  (due  to  the 
light  coiled  spring  S),  and  resistance  (due  to  F),  but 
practically  no  inductance.    S  has  two  pointers,  P  and  P, 

1  The  discharge  of  a  condenser  charged  by  a  steady  pressure,  is 
really  oscillatory  in  nature  ;  and  the  analogy  fits  the  actual  conditions 
if  we  suppose  that,  on  release,  IB  flies  round  a  little  too  far,  then 
returns,  then  goes  back,  thus  making  a  certain  number  of  diminishing 
oscillations  before  it  comes  to  rest. 
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fixed  one  at  each  end,  and  when  S  is  untwisted,  F  and  F^ 
should  be- exactly  in  line  as  viewed  from  the  top.  Now 
begin  to  twist  the  top  of  the  wire,  T  W,  keeping  the  eyes 
fixed  on  the  pointers.  It  will  be  found  that  P  moves 
round  a  little  in  advance  of  F"  (if  the  spring  is  not  too 
thick)  before  V  begins  to  rotate,  this  representing  the 
preliminary  charging  of  the  conductor;  F  keeping  in 
advance  of  F"  all  the  time  the  rotation  is  continued  (the 
permanent  charge  in  the  conductor).  If,  now,  the  twisting 
force  (E.M.F.)is  suddenly  stopped  at  T  JT,  V  will  continue 
its  motion  through  a  short  distance,  until  F"  catches  up 
with  P,  this  being  representative  of  the  discharge  from 
the  conductor,  which  tends  to  prolong  the  current. 

In  Fig.  46  (^),  the  disk  of  lead,  i,  is  added  to  represent 
inductance  in  the  circuit.  On  applying  a  twisting  force 
(E.M.F.)  to  the  top  of  the  wire,  F  first  moves  round 
slightly  in  advance  of  F\  then  the  inertia  (inductance) 
of  L  has  to  be  overcome,  and  at  last  V  gets  up  full  speed 
(current).  On  trying  to  stop  the  rotation  (current),  the 
momentum  of  L  (E.M.F.  due  to  inductance)  and  untwist- 
ing of  S  (discharge  due  to  capacity),  but  principally  the 
former,  tend  to  prolong  the  rotation  (extra  current) ;  this, 
be  it  remembered,  being  the  case  of  a  direct-current  circuit. 

37.  Inductance,  Capacity,  etc.,  in  an  Alternating- 
Current  Circuit. — In  the  preceding  paragraph,  mecha- 
nical illustrations  of  the  phenomena  of  the  direct-current 
circuit  were  given.  In  his  lectures  (p.  89),  Professor  Forbes 
followed  up  these  analogies  still  further;  but,  like  most 
others,  they  must  not  be  carried  too  far.  The  last  portion 
of  the  preceding  paragraph  paves  the  way  for  their 
application  to  the  alternating-current  circuit. 
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In  Fig.  47  (a)  T  Wisa,  piece  of  thick  wire.  Hold  it  verti- 
cally at  the  top  in  the  right  hand,  and  steady  it  lightly 
with  the  left.  Twist  it  rapidly  to  and  fro,  giving  a  turn  first 
in  one  direction  and  then  in  the  other,  as  indicated  by  the 
double-headed  arrow.  This  represents  the  application  or 
"  impression  "  of  an  alternating  E.M.F.  to  or  on  the  circuit. 
If  we  suppose  that  T  W  has  no  inertia  or  flexibility,  and 
that  no  resistance  is  opposed  to  its  rotation,  it  may  be 
taken  to  represent  a  circuit  with  no  inductance,  capacity, 
or  resistance.     The  direction  of  twist  (E.M.F.)  and  rotation 
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Fig.  47. — Mechanical  Devices  illustrating  the  Phenomena  of  an 
Alternating-Current  Circuit. 

(current)  may  be  changed  immediately,  and  one  might 
almost  say  that  the  rate  of  rotation  (strength  of  current) 
was  uniform,  though  rapidly  alternating  in  direction.  This 
case  may,  therefore,  be  taken  as  an  analogy  for  the 
imaginary  alternating  current  represented  by  the  "  curve  " 
in  Fig.  31. 

In  case  (h)  (Fig.  47),  a  paper  vane  V  is  put  on  to  repre- 
sent resistance  in  the  electrical  circuit ;  but  it  must  be  sup- 
posed that  it  does  not  materially  add  to  the  inertia  of  the 
arrangement.  Then,  if  the  same  alternating  twisting  force 
(E.M.F.)  be  applied  to  the  wire  as  before  (case  a),  the  rate 
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of  rotation  (strength  of  current)  will  be  less  than  in  the  first 
instance  in  consequence  of  F;  but  there  being  no  inertia, 
as  we  suppose,  the  rotation  (current)  will  change  directly 
the  twisting  force  changes,  and  will  be  always  at  the  same 
rate.  Here  we  have  the  representation  of  an  alternating- 
current  circuit  in  which  there  is  practically  only  resistance, 
and  no  appreciable  inductance  or  capacity.  In  Fig.  47  (c) 
is  shown  the  mechanical  analogue  of  a  circuit  with  resist- 
ance (due  to  F),  and  inductance  (due  to  Z).  Apply  an 
alternating  twisting  force  (E.M.F.)  to  the  top  of  T  W. 
The  result  will  be  that  the  rotation  (current)  will  be  far 
from  uniform,  it  taking  appreciable  time  to  set  up,  stop,  or 
reverse.  Furthermore,  the  rotation  (current)  will  "lag 
behind "  the  twisting  force  (E.M.F.) ;  that  is  to  say,  the 
rotation  (current)  will  start,  stop,  or  reverse,  after  the  twist- 
ing force  (E.M.F.)  has  been  started,  stopped,  or  reversed. 

In  Fig.  47  {d),  the  spring  S  is  introduced  to  represent 
capacity  in  the  circuit.  On  applying  an  alternating  twist- 
ing force  to  the  top  T,  the  eflfect  of  this  flexibility  (capacity) 
in  the  wire  (circuit)  will  be  opposite  to  that  of  inertia 
(inductance) :  for  it  will  be  found  to  assist  the  setting  up 
and  stopping  of  the  rotation  (current),^  the  movement  of 
the  pin-head  P'  being  in  advance  of  the  twisting  force 
(E.M.F.).  Thus,  if  inductance  and  capacity  be  both 
present,  and  in  their  right  amounts,  no  evidence  of  either 
will  be  found  :  in  other  words,  capacity  and  inductance 
may  neutralize  each  other's  effects  (§§  35,  47). 

'  This  seems  to  contradict  what  was  said  at  the  end  of  the  preced- 
ing paragraph ;  but  it  should  be  remembered  that  here  we  are 
dealing  with  an  alternating-current  circuit,  whereas  §  36  refers  to  the 
direct-current  circuit. 
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In  Fig.  47  (e)  is  shown  the  mechanical  analogy  for  a  circuit 
with  both  inductance  and  capacity,  as  well  as  resistance. 
Here  it  should  be  noticed  that  the  flexibility  (capacity) 
increases  the  amount  of  turning  of  £  (or  rather  of  the  sup- 
porting wire  just  above  it)  that  can  be  done  by  a  given 
force  acting  through  a  fixed  distance ;  that  is  to  say,  it 
points  to  the  fact  that  the  addition  of  capacity  to  a  circuit 
will  decrease  the  effective  inductance.  Anyhow,  it  will  be 
clearly  seen  that  on  applying  an  alternating  twisting  force 
to  T,  the  effect  of  both  flexibility  (capacity)  and  inertia 
(inductance),  provided  they  do  not  neutralize  each  other, 
will  be  to  alter  the  rotation  of  L  (current)  with  a  given 
twisting  force  (E.M.F.)  from  what  it  would  be  were  these 
properties  absent. 

In  the  mechanical  analogies  given  above,  the  effect  of 
inductance,  as  represented  by  inertia,  is  considerably 
greater  than  the  effect  of  flexibility  or  capacity:  but, 
of  course,  in  some  circuits  there  may  be  greater  capacity 
than  inductance,  as  might  be  represented  by  using  a 
stronger  spring,  S,  and  a  lesser  weight,  L,  Fig.  47  (e).  As 
a  general  rule,  however,  the  effects  of  inductance  pre- 
ponderate. 

With  a  given  wire  (circuit),  in  which  there  is  principally 
inertia  (inductance),  the  average  rate  of  rotation  (current) 
will  be  much  greater  in  the  case  of  a  unidirectional  twist- 
ing force  (E.M.F.)  than  in  the  case  of  an  alternating 
twisting  force.  In  other  words,  a  direct  constant  E.M.F. 
will  set  up  a  greater  current  in  a  given  circuit  than  will 
an  alternating  E.M.F.  of  the  same  maximum  value.  For 
in  the  first  case  inductance  will  exert  its  effect  only  on 
making  and  breaking  circuit,  or  when  the  current  strength 
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is  suddenly  changed  :  whereas  in  the  latter  case,  its  effects 
will  be  in  evidence  the  whole  time. 

With  a  steady  direct  E.M.F.  the  current  is  uniform,  but 
with  an  alternating  E.M.F.  it  is  wavy  or  undulatory,  i.  e, 
constantly  varying  in  strength.  Even  if  the  impressed 
alternating  E.M.F.  were  constant  in  value,  as  in  the  experi- 
ment described  in  §  30,  this  would  be  the  case,  because  of 
inductance,  etc.:  but  as  the  E.M.F.  of  an  alternator  con- 
tinually varies  in  strength  as  well  as  in  direction  (§  42),  the 
waves  of  current  are  much  more  accentuated. 

Perhaps  it  is  hardly  necessary  to  point  out  that  one 


Fia.  48.— Effect  of  Inductance. 


particular  in  which  the  above  mechanical  analogies  do  not 
exactly  fit  the  true  condition  of  things,  is  that  the  resist- 
ance (air  friction),  inductance  (inertia),  and  capacity  (flexi- 
bility), are  contained  in  separate  parts  of  the  circuit  (wire); 
whereas  in  the  real  electric  circuit  these  properties  are,  as 
a.  rule,  more  or  less  intermingled  along  the  whole  of  its 
length.  This  fact,  however,  does  not  materially  aflfect  the 
application  of  the  analogies. 

*38.  Inductance  in  a  Circuit.— It  has  been  stated 
several  times  that  the  effect  of  inductance  in  an  alternating- 
current  circuit  is  to  cut  down  the  current.     The  following 
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experiment  conclusively  proves  this.  The  circuit  L  S  B 
(Fig.  48)  is  fed  at  a  virtual  ^  alternating  pressure  of,  say, 
200  volts,  from  the  mains  M,  -B  is  a  laminated  iron  l>ar, 
built  up  of  thin  wires,  on  which  are  coiled  several  turns  of 
thick  wire  of  negligible  resistance,  which  may  be  short- 
circuited  by  the  switch  S,  B  obviously  possesses  consider- 
able inductance,  whereas  the  rest  of  the  circuit  has  very 
little.  The  light  given  by  L  depends  upon  the  strength  of 
the  current  passing  through  it,  and  is  a  convenient  indicator 
of  it.     Suppose  that  when  S  is  closed  so  as  to  cut  out  B, 
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Fig.  48a.— Effect  of  Inductance. 

the  lamp  is  fully  lighted ;  then  when  B  is  put  in  circuit  by 
opening  the  switch  Sy  the  lamp  will  burn  dimly,  or  per- 
haps show  no  light  at  all,  proving  that  the  effect  of  in- 
ductance is  to  reduce  the  current  permanently.  This 
effect  is  the  same  as  if  a  back  E.M.F.  had  been  introduced 
into  the  circuit,  which,  in  fact,  is  the  case,  the  back  or 
counteracting  E.M.F.  being  that  due  to  the  inductance 
of  5. 

If  a  direct  current  is  used,  the  insertion  or  cutting  out 
of  B  will  make  no  appreciable  difference,  as  its  resistance 
is  small ;  except,  perhaps,  a  faint  flicker  of  the  lamp  at  the 

1  See  §  45. 
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moment  of  closing  or  opening  S ;  but  this  would  be  hardly 
noticeable. 

The  same  phenomena  may  also  be  illustrated  as  in 
Fig.  48a.  Here  are  two  circuits  joined  up  in  parallel 
between  T,  T.  One  circuit  consists  of  a  lamp,  Z^,  and  a 
non-inductive  resistance  E;  and  the  other  of  a  similar  lamp, 
ig*  and  an  inductive  coil  and  core,  /.  The  resistances 
jB  and  /  being  the  same,  when  a  sufficient  direct  pressure 
is  applied  at  T,  jT,  both  lamps  will  light  up  equally.  If, 
however,  an  alternating  pressure  be  applied,  though 
Zi  may  light  up  well,  Z2  will  give  very  little  or  no  light, 
because  of  the  inductance  of  7. 

In  alternating-current  work  care  must  be  taken  not  to 
run  single  conductors  (or  conductors  connected  with  one 
pole  of  the  system  only)  through  a  metal  pipe  or  tube  for 
any  distance.  The  effect  of  so  doing,  if  the  pipe  were  of 
iron  or  steel,  would  be  to  increase  the  inductance  of  the 
circuit  and  set  up  eddy  currents  in  the  pipe,  and  this  in- 
ductance would  naturally  result  in  a  considerable  drop  of 
pressure.  In  other  words,  the  conductor  (or  conductors) 
and  the  pipe  would  act  like  a  sort  of  elongated  choking  coil 
(§  50).  If  the  tube  were  of  non-magnetic  metal,  there  would 
be  little  or  no  inductance,  but  eddy  currents  would  still 
be  induced  in  the  conduit,  tending  to  heat  it  and  waste 
energy.  With  concentric  conductors,  in  which  one  con- 
ductor is  of  tubular  form  and  surrounds  the  other,  in  the 
same  cable,  there  is  no  chance  of  such  a  thing  occurring. 

39.  Effects  of  an  Alternating  Current  and  of 
Inductance  and  Capacity  on  the  Insulation  of  a 
Circuit. — In  a  conductor  carrying  a  given  virtual  alternat- 
ing current,  it  would  seem  that  there  is  a  greater  tendency 
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for  the  electricity  to  leak  through  or  break  down  the  insu- 
lation than  in  the  case  of  a  direct  current  of  the  same 
value ;  for  the  reasons  that  in  the  first  case  it  is  moving 
rapidly  backwards  and  forwards,  and  that  the  maximum 
value  of  the  impressed  E.M.F.  is  1'41  times  its  virtual 
value  (§  45) ;  while  in  the  latter  case  it  is  flowing  steadily 
in  one  direction,  and  the  E.M.F.  is  also  steady. 

Let  us  illustrate  this  by  an  analogy.  Consider  a  pipe, 
P  (Fig.  49),  with  water  flowing  into  it,  as  resembling  a 
conductor  carrying  current ;  and  suppose  the  material  of 
the  pipe  to  represent  the  insulation  round  the  conductor. 
Then,  if  the  pressure  of  water  causes  a  fracture  of  the  pipe. 
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Fig.  49. — Effect  of  an  Alternating  Current  on  the  Insulation  of  a  Circuit. 

it  is  clearly  analogous  to  the  breaking  down  of  the  insula- 
tion of  the  conductor.  Now  it  must  be  evident  that  there 
is  a  greater  strain  on  the  sides  of  the  pipe  when  the  water 
is  rapidly  moving  to  and  fro  (alternating  current),  than 
when  it  is  flowing  steadily  in  one  direction  (direct  current). 

The  effects  of  inductance  and  capacity  in  a  direct-current 
circuit  are  observable  only  on  making  or  breaking  the 
circuit,  or  on  suddenly  changing  the  strength  of  current 
therein  ;  but  in  an  alternating-current  circuit  they  exert . 
a  continual  influence  on  the  current,  and  also,  indirectly, 
on  the  insulation  of  the  circuit. 

Fig.  50  presents  an  analogue.  Here  Sis  a.  stand  carrying 
two  bearings  ^  ^',  in  which  is  mounted  an  upright  glass 
tube  Gy  which  may  be  rotated  by  the  handle  II.    A  portion 
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of  the  glass  is  cut  away,  and  a  short  length  of  rubber 
tubing,  By  inserted,  to  represent  capacity  in  the  circuit. 
Down  the  centre  of  both  glass  and  rubber  tubes  passes  a 
metal  wire  which  stands  for  the  conductor,  the  glass  tubing 
being  looked  upon  as  the  insulating  covering.  The  friction 
of  the  bearings  and  of  the  vane  V  corresponds  with  elec- 
trical resistance,  and  the  inertia  of  the  lead  disk  L  repre- 
sents inductance.     The  strain  on  the  glass  tubing,  to  the 
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Fio.  50. — Strain  on  the  Insulation  of  a  C^cuit. 


outside  of  which  Fand  L  are  fixed,  may  be  taken  as 
analogous  to  the  strain  on  the  insulation  in  an  electrical 
circuit.  We  will  first  take  a  case  in  which  L  is  removed 
— i.  e,  where  there  is  no  inductance  in  the  circuit.  Now,  if 
H  be  rotated  steadily  in  one  direction  (steady  direct 
current),  the  strain  on  the  glass  tubing  (insulation  of  the 
circuit)  will  be  comparatively  small:  but  \i H  is  sharply 
and  continuously  turned,  first  in  one  direction  and  then  in 
the  other,  clearly  a  good  deal  of  strain  is  thrown  on  Gy  but 
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this  is  lessened  in  proportion  to  the  flexibility  of  J?  (capacity 
of  the  circuit).  This  seems  to  point  out  that  if  a  circuit 
has  capacity  but  no  inductance,  the  presence  of  the  former 
will  not  increase  the  strain  on  the  insulation,  but  rather 
the  reverse.  If  L  be  now  put  on  (inductance  put  in 
circuit),  with  continuous  rotation  (direct  current),  an  extra 
strain  will  be  thrown  on  G  at  the  moment  of  starting, 
stopping,  or  altering  the  speed  of  rotation  (current) ;  and  it 
will  be  the  greater  the  more  suddenly  the  starting,  stop- 
ping, or  alteration  of  the  speed  is  brought  about.  The 
reason  of  this  is  that  the  flexibility  (capacity)  exists  at  the 
near  end  of  the  circuit,  while  the  inertia  (inductance)  is 
all  at  the  far  end  ;  a  condition  of  things  which  obtains  in 
electricity  distribution  work  when  the  **  feeders  *'  supplying 
the  distribution  network  have  great  length  (§  218).  If  the 
inductance,  as  represented  by  the  inertia  of  Z,  were  more 
distributed  along  the  circuit,  the  extra  strain  on  the  insula- 
tion would  be  correspondingly  lessened :  while  if  it  were 
all  at  the  near  end — i,  e.  if  L  were  placed  in  the  position 
of  B,  there  would  be  practically  no  strain  on  the  insulation 
directly  due  to  inductance  or  capacity,  except  when  the 
current  (rotation)  was  suddenly  stopped. 

In  the  case  of  alternating  rotation  (alternating  current) 
the  strain  on  G  will  be  continuous  and  very  considerable  if 
the  condition  of  things  be  as  represented  in  the  figure ;  so 
much  so,  in  fact,  that  if  G  is  not  thick  enough  or  has  any 
flaws  in  it,  it  will  be  fractured  (insulation  broken  down). 
But  if  the  inductance  and  capacity  be  more  intermingled, 
the  strain  will  be  lessened :  and  if  the  inductance  be  all 
brought  to  the  near  end  of  the  circuit,  it  will  be  still 
further  reduced.    This  mechanical  analogy  affords  a  capital 
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illustration  of  the  opposite  effects  of  capacity  and  induct- 
ance in  the  circuit,  and  the  fact  that  one  may  neutralize 
the  other. 

The  presence  of  dynamos  and  other  electro-magnetic 
apparatus,  such  as  motors  and  arc  lamps,  is  the  maijn  cause 
of  inductance  in  direct-current  circuits.  Alternating- 
current  circuits  generally  have  much  more  inductance 
than  direct-current  ones,  because  of  the  numerous  trans- 
formers therein;  though,  by  the  way,  the  inductance  of 
these  decreases  as  their  load  increases,  when  the  load 
is  non-inductive,  as  in  the  case  of  glow-lamp  lighting. 
Now,  thinking  of  the  mechanical  analogy  (Fig.  50),  it 
would  appear  that  the  more  suddenly  the  full  E.M.F. 
(whether  direct  or  alternating)  is  thrust  upon  a  circuit, 
with  capacity  at  the  near  end  and  inductance  at  the 
far  end,  the  greater  will  be  the  extra  strain  on  the 
insulation.  In  most  circuits,  whether  direct  or  alter- 
nating, but  particularly  in  those  with  inductance — how- 
ever distributed — considerable  strain  is  thrown  on  the 
insulation  if  the  circuit  be  broken  rapidly.  As  an  analogy 
of  this  latter  effect  in  direct-current  circuits,  if,  while  the 
water  is  flowing  (Fig.  49)  the  cock,  (7,  is  suddenly  turned 
off,  a  great  strain  will  be  thrown  on  the  pipe.  An  illus- 
tration of  this  may  be  found  in  some  houses,  where  water 
is  supplied  direct  from  the  main,  and  therefore  at  consider- 
able pressure,  and  old-fashioned  taps  are  used.  On  sud- 
denly turning  the  tap  off,  the  momentum  of  the  water 
expends  its  energy  on  the  pipe.  Screw  taps  are  designed 
to  prevent  this  sudden  strain  being  thrown  on  the  pipes. 

The  strain  due  to  inductance  is  not  very  noticeable  on 
"  making  "  the  circuit,  though  its  analogue  is  observable  in 
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the  mechanical  illustrations.  On  breaking  the  circuit, 
inductance  is  very  manifest,  as  it  shows  itself  in  the  form 
of  an  "  extra-current "  arc  or  spark.  Now  it  is  a  common 
but  very  erroneous  idea  that  the  more  suddenly  any  circuit 
is  broken  the  better,  as  the  extra-current  spark  tends  to 
destroy  the  ordinary  switch  contacts.  This  spark,  or  arc, 
represents  energy,  and  if  this  energy  is  prevented  from 
expending  itself  in  the  form  of  a  spark  or  otherwise,  it  will 
wreak  its   force  somewhere  else — viz.  on   the  insulation 


Fio.  51.— Switch  with  Carbon  *  Make '  and  *  Break '  Contacts  (Siemens  Bros.). 

of  the  circuit.  Main  switches  for  circuits  having  largo 
inductance,  should  therefore  be  so  designed  that  the  circuit 
is  both  made  and  broken  gradually.  A  small  switch  ful- 
filling the  above  conditions  is  depicted  in  Fig.  51.  On  one 
of  the  fixed  contact  pieces,  and  on  one  end  of  the  movable 
contact  arm,  there  is  a  short  cylinder  of  carbon.  When 
putting  the  switch  on,  the  carbons  come  into  contact  first 
of  all,  then  the  one  on  the  movable  arm,  being  mounted 
on  a  spring-hinged  pivot,  gives  way  to  allow  the  arm  to 
go  into  place.     When  the  switch  is  put  off,  the  carbon 
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contacts,  and  the  slight  arc  formed  between  them,  momen- 
tarily prolong  the  connection  of  the  circuit.  Other 
patterns  of  such  switches  are  illustrated  and  described  in 
Chap.  II. 

Though  these  switches  were  probably  designed  for  the 
primary  purpose  of  preventing  or  minimizing  the  "  spark- 
wear  "  at  the  contacts,  it  will  be  evident  that  they  also 
ease  the  strain  on  the  insulation  of  the  circuit. 

Messrs.  Cowans  (Ltd.)  have  designed  a  switch  which,  on 
opening,  first  throws  a  non-inductive  resistance  in  circuit 
and  then  short-circuits  the  coil  or  coils,  the  inductance  of 
which  it  is  desired  to  minimize.  These  may  be  the  excit- 
ing coils  of  a  dynamo  or  alternator,  or  any  other  inductive 
circuit.  The  switch  is  shown  in  Fig.  52,  the  construction 
and  connections  being  given  diagrammatically  in  Fig.  52a. 
Corresponding  parts  in  these  two  figures  are  similarly 
lettered.  The  positive  and  negative  supply  leads  are 
connected  with  the  fixed  contacts  marked  +  and  —,  and 
the  ends  of  the  inductive  circuit,  10,  with  the  lower  fixed 
contacts  C,  C.  G\  G'  are  two  other  contacts  permanently 
connected  with  +  and  —  through  non-inductive  resist- 
ances, R,  Ry  fixed  at  the  back  of  the-  switch.  Except  when 
the  switch  is  "off,"  and  IG  is  short-circuited  through  the 
fuse  Fy  by  reason  of  the  movable  contacts  MO  engaging 
with  the  fixed  contacts  FG;  the  two  sides  of  the  switch, 
which  are  pivoted  at  P,  P,  are  entirely  separate,  electric- 
ally speaking;  but  they  are  operated  simultaneously  by 
means  of  the  ebonite  handle  jff".  The  laminated  contacts 
ZG,  LO,  Bs  well  as  MO,  are  fixed  to  the  switch-bars  SB, 
which  carry  H.  The  upper  pair  of  contact  tongues,  0  T,  are 
hinged  to  the  underside  of  /S-B  at  the  points  X,    The  pecu- 
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liar  shape  of  0\  G'  in  Fig.  52  is  for  the  purpose  of  enabling 
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Fig.  52. — Switch  for  Inductive  Circuits  (Cowan's). 

them  to  engage  with  cross-pins  on  the  contact  tongues  G  jT, 
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and  so  cause  contact  to  be  prolonged  at  these  points.  Bear- 
ing in  mind  that  the  switch-bars  are  pivoted  at  P,  P,  it 
will  be  evident  that  the  lower  ends  of  LG,  LG  never 
leave  the  fixed  contacts  C,  G,     Supposing  the  switch  to  be 


Fig.  52a. — Diagram  of  Switch  for  Inductive  Circuits  (Cowan's). 

on,  as  in  Figs.  52  and  52a,  its  connections  are  as  shown 
at  Fig.  52b  (I.) ;  and  the  current  flows  straight  through 
IG,  R  and  B  being  short-circuited.  When  the  switch  is 
pulled  "  off,"  its  action  is  as  follows.  First  of  all  LG.LG 
leave  -|-  and  — ,  thus  throwing  E,R  in  series  with  7(7, 
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Fig.  52b  (II.).  As  the  switch-bars  move  further  over, 
MG,  MG  engage  with  FG,  thus  short-circuiting  IG, 
Fig.  52b.  (III.);  and  the  moment  after  this  occurs, 
the  current  is  cut  off  by  0  T,  which  are  pulled  off 
sharply  by  means  of  the  springs  seen  in  Fig.  52.  The 
final  condition  of  the  circuit  is  shown  in  Fig.  52b  (IV.), 
The  current  having  an  alternative  path  through  B.R, 
there  is  little  or  no  sparking  when  the  main  circuit  is 

R^^      • D-E-o •         R. 

T — i — i:r-^sm^^i^fmw^^m^     L — ± — 
"^     T     c    c        ic        o    u 

][ 1        1 •^OOOO'OCOTOTTi* *        *— 

(WWW        ] °         °  !        AWVWV 

m; — i      1 — kinnnmnnnnnjw-— I      ^— 
]g] — *     *    wwoinnnnnnjw    *     *— 

Fig.  52b. — Diagram  of  Circuit  Changes. 

broken  at  iC',  LG]  and  because  by  that  time  the  in- 
ductive coil  or  coils  have  been  short-circuited  through  F, 
there  is  very  little  sparking  when  the  circuit  is  finally 
broken  at  G  T,  the  break  here  being  a  very  sharp 
one.  Sometimes  only  one  resistance,  -B,  is  necessary,  the 
other  resistance  being  replaced  by  a  short-circuiting 
strip. 

These  resistances  are  made  up  in  a  very  compact  form, 
and  are  mounted  at  the  back  of  the  switch  base.  The  resist- 
ance wire  is  covered  with  a  carbonized  material  which  will 
stand  a  very  high  temperature  without  injury.     The  wire 
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is  wound  between  mica  disks  clamped  together  between 
iron  cheeks,  the  edges  being  finally  coated  with  a  fireproof 
insulating  cement. 

Some  electricians  will  probably  disagree  with  the  state- 
ment that  it  is  necessary  in  practice  to  "  make  "  as  well  as 
"break''  alternating-current  circuits  gradually,  and  will 
maintain  that  there  is  really  no  excessive  stress  on  the 
insulation  of  a  circuit  when  the  full  pressure  is  suddenly 
thrust  upon  it.  Theoretical  considerations,  however,  seem 
to  indicate  otherwise ;  the  amount  of  extra  strain  (if  any) 
thrown  on  the  circuit,  at  the  moment  of  making  it, 
appearing  to  depend  upon  the  relative  distribution  of  the 
inductance  and  capacity,  as  already  pointed  out. 

The  matter  of  slow  "  making"  probably  only  becomes  of 
really  practical  importance  when  pressures  above,  say, 
2000  volts  are  used ;  or  when  the  circuits  consist  of  a 
number  of  miles  of  cables  of  large  capacity.  Professor 
Forbes  has  arranged  for  slow  "  making  "  and  "  breaking  " 
on  the  Niagara  power  circuits,  and  it  is  now  being  done  at 
Deptford,  and  elsewhere. 

So  far,  we  have  assumed  that  the  presence  of  a  capacity 
in  a  circuit  lessened  the  inductance,  and  therefore,  also, 
the  strain  on  the  insulation  when  the  current  was  started 
in  it.  If,  however,  the  capacity  is  just  sufiicient  to 
neutralize  the  inductance,  so  that  there  is  no  reactance 
(§  48),  we  get  a  new  effect  termed  electrical  resonance, 
which  itself  strains  the  insulation.  This  eflfect  is  dealt 
with  in  §  55. 

It  is  interesting  to  note  that  on  breaking  a  high-pressure 
alternating-current  circuit,  the  switch  may  show  a  large, 
small,  or  no  spark  at  all,  according  to  the  point  in  the 
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current  wave  where  separation  occurs.  Thus  if  the  circuit 
happens  to  be  broken  at  the  moment  the  wave  is  at  its 
peak  or  maximum  (Fig.  59),  the  largest  spark  will  be 
obtained,  while  if  the  current  is  just  reversing,  there  will 
be  no  appreciable  spark. 

40.  Electrification  of  Conductor  Dielectric. — 
There  is  one  particular  point  in  which  the  mechanical 
analogies  fail,  and  that  is,  they  furnish  no  good  example 
for  the  action  taking  place  across  the  dielectric  or  insula- 
tion— viz.  the  electrification  due  to  condenser  action.  In 
Fig.  53  is  given  a  section  of  a  cable  conductor,  its  insula- 
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Fig.  53. — Electrification  of  Conductor  Dielectric. 

tion,  and  the  surrounding  sheathing,  pipe,  or  Earth.  Let 
the  conductor  be  carrying  a  steady  direct  current,  and 
suppose  that  particular  portion  of  it  under  consideration  to 
be  at  a  .higher  potential  than  the  Earth  ^ ;  it  will  then  have 
a  steady  +  charge.  Influence  will  take  place,  and  a  — 
charge  will  be  induced  on  the  inner  surface  of  the  metallic 
sheathing  of  the  cable,  or  other  surroundings,  the  system 
acting  like  a  condenser  (§  34).  Now  these  charges  will 
mutually  attract  each  other,  and  will  soak  into  the  dielec- 

^  There  is  a  gradual  fall  of  pressure  or  potential  along  a  conductor 
carrying  a  direct  current ;  but  there  is  almost  always  bound  to  be 
a  P.D.  between  the  conductor  and  the  Earth,  and  the  conductor 
will  be  either  +  ly.  or  -  ly.  charged  with  respect  to  the  Earth. 
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trie  and  tend  to  approach  nearer  to  each  other,  and  so,  in 
a  sense,  lessen  the  thickness  of  the  insulation  surrounding 
the  conductor.  With  alternating  current,  on  the  other 
hand,  although  the  electrification  of  the  dielectric  ("soak- 
ing-in"  action)  is  not  nearly  so  great,  as  the  charge  of 
the  cable  is  constantly  and  rapidly  alternating  in  sign, 
there  is  a  small  loss  of  power  due  to  this  cause.  Tlie 
dielectric  in  fact  offers  a  certain  opposition  to  the  setting- 
up  of  alternating  charges,  which  is  known  as  dielectric 
hysteresis,  and  which  is  further  explained  in  §  60. 

*41.  Experiment  on  Inductance. — The  effects  of  in- 
ductance have  been  described  in  the  immediately  preced- 
ing paragraphs,  principally  by  means  of  mechanical  analo- 
gies. The  following  experiment  further  shows  its  effects, 
and  should  be  considered  in  conjunction  with  those  depicted 
in  Figs.  48  and  48a. 

In  Fig.  64,  i  is  a  glow-lamp,  connected  through  the  switch 
8,  and  wires,  +  and  — ,  with  a  source  of  direct  E.M.F.  C 
is  a  coil  of  fairly  fine  wire,  with  a  removable  iron  core, 
and  is  connected  as  a  shunt  to  the  lamp.  The  resistance 
of  G  should  be  of  such  a  value  that  when  a  steady 
current  is  flowing,  the  lamp  filament  is  just  perceptibly 
red.  At  the  instant  of  making  the  circuit,  the  lamp 
will  momentarily  glow  more  brightly  than  when  the 
current  is  steady ;  on  breaking  the  circuit,  the  lamp  will 
momentarily  flash  with  great  brightness.  In  tlie  first  case 
the  counter  E.M.F.  due  to  inductance,  as  indicated  by  the 
small  dotted  arrow,  will  momentarily  oppose  the  normal 
pressure  in  the  shunt  circuit,  C,  so  that  the  P.D.  at  the 
lamp  terminals  T  T  will  be  momentarily  increased,  and 
will  consequently  send  a  momentarily  stronger  current 
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through  the  lamp.  On  breaking  the  main  circuit  at  8,  the 
field  of  0  will  collapse,  generating  a  momentary  and  much 
greater  E.M.F.  than  in  the  first  instance,  in  the  direction 
shown  by  the  larger  dotted  arrow.  A  momentary  current 
will  then  flow  through  0  and  i  in  a  counter-clockwise 
direction,  and  the  lamp  will  flash  up  brightly  in 
consequence. 

Remove  0,  with  its  iron  core,  and  insert  instead  a 
coreless  coil  having  the  same  resistance  as  C,  but  wound 
as  in  Fig.  34,  so  that  it  shall  have  no  inductance.     Pass 
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an  alternating  current  through  the  lamp  and  coil,  of  such 
a  strength  that  the  filament  of  L  is  perceptibly,  but  dimly, 
heated.  Now  substitute  the  former  coil,  (7,  with  its  core, 
and  it  will  be  found,  in  consequence  of  the  inductance  of  C, 
that  L  is  increased  in  brilliancy.  The  explanation  of  these 
diflerent  effects  on  the  lamp  is  as  follows.  In  the  first 
case,  the  non-inductive  coil  shunts  a  certain  amount  of 
current  from  the  lamp  circuit,  thus  lowering  the  P.D. 
between  Ty  T,  but  otherwise  exerts  no  effect.  In  the 
second,  where  the  coil  has  the  same  resistance,  and  also 
considerable  inductance,  the  back  E.M.F.  due  to  the 
latter,  constantly  opposes  the  normal  pressure,  offering  a 
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kind  of  extra  resistance  in  addition  to  the  ordinary  resist- 
ance of  the  coil  (§§  48,  49,  50).  Thus  the  total  apparent 
resistance  of  the  coil  is  increased,  and  less  current  is 
shunted  away  from  the  lamp,  which  consequently  glows 
more  brightly. 

The  ditference  in  the  result  of  this  experiment,  as  com- 
pared with  that  illustrated  in  Fig.  48,  is  accounted  for  by 


Fig.  55. — Simple  Alternator. 

the  fact  that  in  one  case  the  inductive  coil  is  in  series  with 
the  lamp,  while  in  the  other  it  forms  a  shtmt  thereto. 

42.  Graphical  representation  of  an  Alternating 
Current. — The  E.M.F.  of  an  alternator  is  continually 
altering  in  value,  as  well  as  in  direction,  i.  e.  it  is  in  the 
form  of  waves,  and  the  waves  of  current  thereby  set  up  are 
further  accentuated  by  the  inductance  and  capacity  in  the 
circuit. 

To  show  approximately  what  an  alternating  current  is 
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like,  one  may  draw  a  picture,  in  the  form  of  a  curve,  of 
tlie  changes  which  take  place  in  the  strength  and  direc- 
tion of  the  impressed  E.M.F.  which  sets  up  the  current;  and 
this  will  enable  us  to  explain  what  is  meant  by  the  sine 
curve  or  sine  wave,  terms  frequently  used  in  speaking  of 
alternating  currents. 

When  a  simple  coil  of  wire  is  rotated  in  a  magnetic 
field,  it  has  an  alternating  E.M.F.  induced  in  it.  A  simple 
2-pole  field  and  coil  are  shown  in  Fig.  55,  and  we  will 
consider  what  happens  to  the  top  half, ^,  of  the  coil, abed, 
when  the  latter  is  evenly  rotated  on  its  shaft  s,  in  the 
direction  shown  by  the  curved  arrow. 

Now  p  will,  if  viewed  sideways  from  one  of  the  pole 
faces,  N  or  S,  have  an  up-and-down  motion ;  and  its 
apparent  velocity  will  be  variable  during  any  one  com- 
plete revolution  of  the  coil;  but  the  changes  that  take 
place  will  be  repeated  over  and  over  again  at  regular 
intervals.  This  will  be  more  clearly  understood  from 
Figs.  56  and  57.  Fig.  56  represents  the  circular  path 
traversed  by  p  when  the  coil  is  looked  at  from  the  front 
end,  only  one  pole,  iV,  being  shown  for  simplicity's  sake ; 
and  as  we  suppose  that  the  coil  is  being  turned  with 
uniform  velocity,  the  actual  rate  of  progress  of  p  round 
its  circular  path  will  also  be  uniform.  But  if  we  look  at 
p  from  one  of  the  sides  of  the  coil,  it  will  appear  to  travel 
up  and  down  in  a  straight  line,  a  b  (Fig.  57),  and  its  rate 
of  motion  in  an  actual  up-and-down  direction  will  not  be 
uniform.  When  p  has  travelled  round  10°  from  its 
topmost  position,  i,  e.  from  p  to  p^  (Fig.  56),  its  actual 
progress  in  a  downward  direction  will  be  represented  by 
the  distance  p  p^  in  Fig.  57,  which  is  relatively  much  less 
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than  the  circumferential  distance  p  p^  in  the  first  figure. 
Another  10°  travel  is  from^i  to  p2  (Fig.  56),  from  ^2  ^^  Ps* 
from  ^3  to  P4,  and  so  on;  and  as  these  distances  are 
traversed  in  equal  times,  the  apparent  velocity  of  p,  as 
viewed  in  Fig.  57,  will  at  first  be  very  slow,  but  will 
gradually  increase  until  it  reaches  the  90°  position,  p^. 
From  p^  to  p^  its  apparent  velocity  will  gradually  decrease. 


Fio.  56.  (View  from  end  of  coil.)         Fig.  57.  (View  from  side  of  coil.) 

The  sam^  thing  will  be  observed  when  the  coil  is  making 
its  second  half-turn,  i.  e.  when  p  is  travelling  from  p^  back 
again  to  its  topmost  position. 

Now,  the  E.M.F.  induced  at  p,  or  rather  in  the  side 
aft  of  the  coil,  depends  upon  the  rate  at  which  it  cuts  the 
lines  of  the  field,  and  supposing  the  field  to  be  uniform, 
this  depends  upon  its  rate  of  motion  in  an  actual  up 
or  down  direction,  as  vieiwed  in  Fig.  57.  It  therefore 
follows  that  the  E.M.F.  in  p  will  vary  just  as  the  rate  of 
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its  travel  along  the  assumed  path  a  b  (Fig.  57)  varies :  and 
it  will  change  from  zero  to  a  maximum  during  the  first 
quarter-turn  of  the  coil,  from  maximum  to  zero  during 
the  second  quarter-turn,  from  zero  to  maximum,  in  the 
reverse  direction,  during  the  third  quarter-turn,  and  from 
maximum  to  zero  during  the  last  quarter-turn  :  by  which 
time  it  will  have  made  one  complete  revolution.  The 
other  half,  c  d,  of  the  coil  (Fig.  55)  will  be  acted  upon  in  a 
precisely  similar  manner. 

Motion  of  the  kind  described  in  connection  with  Fig.  57 
is  called  harmonic,  and  obeys  a  simple  law  called  the 
sine  law.  This  can  be  explained  by  the  aid  of  Figs.  58 
and  59,  which  are  closely  related  to  the  two  preceding 
figures. 

Looking  at  the  coil  from  the  collector  or  front  end 
(Fig,  55),  the  path  described  by  the  point  p  (Fig.  58)  will 
be  a  circle,  having  its  centre  2X  0\  p  o  being  its  zero  or 
starting  position,  and  1,  2,  3,  4,  5,-  etc.,  successive  points 
on  its  journey  during  one  revolution  of  the  coil. 

The  sine  curve,  or  curve  of  E.M.F.,  is  plotted  as  follows. 
Draw  a  horizontal  line,  in  the  same  straight  line  as  the 
horizontal  diameter  of  the  circle  in  Fig.  58,  and  call  it  the 
TIME  BASE  (Fig.  59).  Since  the  point  p  moves  with  uniform 
velocity  round  its  circular  path,  distances  measured  along 
the  time  base  may  be  taken  to  represent  either  '*  time  from 
the  beginning  of  measurement,''  or  "  distance  moved  by  p 
round  its  circular  path."  p  is  connected  to  its  "  centre  of 
travel "  or  axis,  0,  by  the  radius  R  of  the  circle  in  which  it 
moves,  and  this  is  clearly  the  greatest  height  to  which  it  can 
rise,  as  in  position  0  4  (Fig.  58).  We  therefore  take  this 
height  as  the  maximum  height  for  our  sine  curve  (Fig.  59), 
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which  represents  the"  rise,  fall,  and  reversal  of  E.M.F.  The 
radius  R  will  make  an  angle  with  the  horizontal  diameter 
of  the  circle,  which  will  have  zero  value  when  p  is  in  the 
position^  0,  and  will  increase  as^  travels  round  the  circle, 
until,  at  position  4,  the  radius  is  90°  from  its  original 
position.  To  draw  the  E.M.F.  curve,  we  must  first  take  a 
length  along  the  time  base,  and  call  it  360° ;  this  being  con- 
veniently made  equal  to  half  the  length  of  the  circumfer- 
ence of  the  circle  in  which  p  moves.^  This  length  is  then 
equally  divided  up,  and  we  get  a  straight  line  with  sub- 
divisions representing  the  distances  moved  by  p  along  its 
circular  path,  or,  what  is  the  same  thing,  the  angles  made 
by  the  radius  with  its  first  position  in  its  revolution  round 
the  centre  0 ;  and  these  divisions,  as  before  pointed  out, 
may  also  be  taken  to  represent  time.^ 

Suppose  'p  has  reached  the  point  1,  we  take  a  distance 
along  the  time  base  equal  to  half  the  circumferential 
distance,  0  1,  and  at  that  point  erect  a  perpendicular: 
where  this  cuts  a  horizontal  line  drawn  through  point  1  on 
the  circle,  we  get  one  point  on  the  curve.  In  the  same 
way  for  position  2,  we  take  half  the  distance  along  the 

^  Distances  along  the  time  base  are  proportional  to  circumferential 
distances,  and  may  be  drawn  to  any  scale.  In  the  present  case  they 
are  equal  to  half  the  circumferential  distances  which  they  represent, 
this  being  the  usual  scale  adopted. 

^  If  p  has  moved  from  its  zero  position  to  position  2  (Fig.  58),  the 
radius  will  have  travelled  round  45°.  When  p  reaches  the  position  4 
the  radius  will  have  travelled  or  have  described  an  angle  of  90°. 
When  p  has  made  one  half-turn,  i,  e.  when  it  has  reached  the  position 
8,  the  radius  may  be  said  to  have  travelled  180°  from  its  zero  position. 
When  p  has  made  one  complete  revolution,  we  say  that  its  radius  has 
travelled  round  or  described  an  angle  of  360°. 
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circumference  0  2,  and  mark  this  off  on  the  time  base, 
then  erect  a  perpendicular,  and  where  the  latter  cuts  a 
horizontal  line  drawn  through  2  on  the  circle,  we  get  the 
second  point  on  our  curve.  This  operation  being  repeated 
for  different  positions  of  p  round  its  circular  path  (3,  4,  5,  6, 
etc.),  a  series  of  points  is  obtained,  which,  when  connected, 
are  found  to  lie  on  a  wavy  line  called  the  sine  curve  (Fig  59). 
This  curve  depends  upon  the  relationship  that  the 
distance,  IT,  of  each  position  of  p  (above  or  below  the 
horizontal  line)  bears  to  the  radius,  B.  For  the  greater  S 
is,  that  is,  the  greater  the  distance  p  is  above  or  below  the 
base  line;  the  more  effectively  is  it  cutting  the  magnetic 
lines  of  the  field,  and  the  greater  is  the  E.M.F.  JT  is  a 
maximum  at  the  positions  4  and  12,  and  these  are  conse- 
quently the  maximum  points  on  the  curve.  The  connection 
between  H  and  B  is  as  follows : — 

jy  =  i?  sin  A, 

where  A  is  the  angle  which  the  radius,  B,  makes  with  the 
horizontal  line,  in  the  particular  position  taken. 

The  sine  of  the  angle  A  (Fig. 
60)  (written  sin  A  or  sine  A)  is 
the  number  obtained  by  dividing 
the  length  of  the  perpendicular  or 
height  H  by  the  length  of  the 
hypotenuse  (side  opposite  the 
right  angle)  or  third  side  B,  in 
this  case  the  radius  of  the  circle, 
— i.  e. 


sin  A  = 


Fig.  60.— Sine  of  an  Angle. 
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this  ratio  being  dependent  on  the  angle  itself,  not  on  the 
individual  length  of  either  of  its  sides.^ 

The  curve  obtained  shows  the  variation  in  the  E.M.F.  of 
a  simple  alternator,  such  as  that 
illustrated  in  Fig.  55,  during  one 
revolution  of  its  coil  or  armature. 
The  E.M.F.  is  at  zero  when  the 

Q^— — — — — ^     plane  of  the  coil  or  armature  is 

„.     ^     .    ,         at  risfht  ano:les  with  the  lines  of 

Fig.  61.-SmeofanAngle.  c  4.U      a   }A  1  ^11 

force  of  the  held,  and  gradually 
rises,  reaching  a  maximum  when  the  plane  of  the  coil  is 
parallel  with  the  direction  of  the  field.  The  field  in  this 
case  is  assumed  to  be  uniform ;  if  it  is  not  so,  the  simple 
sine  law  no  longer  holds  good,  and  the  E.M.F.  curve  will 
be  more  or  less  altered  in  form.  In  practical  alternators, 
owing  to  the  non -uniformity  of  the  fields,  and  the  various 
shapes  of  coils  used,  the  form  of  the  E.M.F.  curve  may 
vary  considerably  from  that  of  the  true  sine  curve.  The 
design  of  alternators,  however,  has  been  brought  to  such  a 

1  Let  ABC  (Fig.  61)  be  any  angle,  a,  of  which  the  sine  value  is 
required.  Take  any  point,  D,  in  either  side,  say  in  A  B^  and  drop 
therefrom  a  perpendicular,  D  E,  to  the  other  side,  B  C,  cutting  it  at 
E,  Then  B  I)  E  will  be  a  right-angled  triangle,  of  which  B  D  \a 
the  hypotenuse,  and  D  E  the  perpendicular.    Now,  in  such,  the 

ratio^^,^^^^— ^^ ,  i.e.  :^f,  represents  the  sine  value  of  the  angle  a. 
hypotenuse  DB 

If  the  angle  remain  the  same  (in  the  present  case  it  is  30°),  no  matter 

how  long  the  sides  B  D  or  B  E  may  be,  or  from  which  point  or  side 

the  perpendicular  is  dropped,  the  ratio  ^^T'.^iL  J£!f_I  will  always  be 

hypotenuse 

the  same.     In  the  present  case,  for  instance,  it  is  J,  i.  e.  sin  30°  =  '5. 

A  table  of  sine  values  is  given  in  Chap.  VL 


§  43.]  FREQUENCY,  ALTERNATION,  AND  PERIOD,    121 

pitch  of  perfection  that  they  may  be  made  to  give  a  true 
sine  wave  of  E.M.F.,  or  one  which  differs  in  shape  there- 
from, according  to  the  ideas  of  the  designer.  The  fact  of 
thus  being  able  to  obtain  variously  shaped  waves  of  E.M.F. 
within  certain  limits,  is  of  importance ;  and  one  question 
which  naturally  arises  is : — what  is  the  most  efficient  form 
of  wave  for  a  given  circuit  ?  This  is  a  matter,  however, 
beyond  the  scope  of  this  book. 

43.  Frequency. — The  E.M.F.  in  the  coil  shown  in 
Fig.  55  is  at  zero  in  the  upright  position  there  depicted, 
but  gradually  increases  until  the  plane  of  the  coil  lies 
horizontal — i,  e.  until  the  coil  has  moved  through  90**  and 
has  no  lines  through  it:  it  then  gradually  decreases, 
reaching  zero  when  the  coil  has  made  one  half-turn.  In 
the  second  half-turn  the  E.M.F.  will  again  gradually  rise 
and  fall,  but  this  time  in  the  reverse  direction.  This  rise, 
fall,  and  reversal,  and  the  corresponding  distance  travelled 
by  the  coil,  are  shown  in  Figs.  58  and  59. 

If  the  coil  is  connected  up  with  an  outer  circuit,  in  one 
revolution  the  induced  E.M.F.  and  resulting  current  will 
make  two  alternations^  or  one  complete  period  or  cycle :  and 
the  rate  of  douUe  alternations  per  second,  or  number  of 
cmnplete  peHods  or  cycles  per  second,  which  is  termed  the 
frequency  or  periodicity,  will  depend  upon  the  number  of 
revolutions  which  the  coil  makes  in  that  time.  Thus, 
supposing  it  revolves  600  times  in  one  minute,  the  fre- 
quency of  the  E.M.F.  and  of  the  current  set  up  will 
be  10. 

Frequency  is  denoted  by  the  symbol  -^j  thus  70  -^ 
signifies  a  pressure  or  current  making  70  complete  periods 
per  second — i  e,  having  a  frequency  of  70. 
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The  frequency  of  alternating  currents,  as  used  for  ordin- 
ary work  in  this  country,  varies  from  25  ^  to  about  100  ^, 
the  tendency  in  central  station  work  being  to  adopt  low 
values,  especially  for  power-transmission  work.  For 
special  purposes  E.M.Fs.  of  very  much  higher  frequency 
are  sometimes  employed. 

The  rise  and  fall  of  the  current  in  one  direction  should 
be  called  an  alteimation;  but  this  term  is  sometimes 
employed  to  indicate  a  complete  reversal,  i.  e,  ei.  period  or  cycle, 
a  misuse  of  the  term  which  is  somewhat  confusing.  Refer- 
ring to  Fig.  59,  the  portion  of  the  curve  from  0  to  180  is 
really  an  alternation,  and  the  portion  from  0  to  360  a  cycle 
or  period,  and  the  symbol  for  frequency  ('^)  being  derived 
from  the  shape  of  the  curve,  should  assist  the  student  in 
remembering  this.  An  alternation  is,  as  its  name  indicates, 
an  alternative  wave  or  alteration  in  direction.  Thus  a 
frequency  of  80  ^  means  80  periods,  or  160  alternations 
per  second. 

44.  Frequency  of  Alternators. — In  the  case  of  a 
simple  coil  rotating  in  a  2-pole  field,  it  has  just  been 
shown  that  the  frequency  is  equal  to  the  number  of 
revolutions  per  second.  Practical  alternators  are,  with 
few  exceptions,  constructed  with  multipolar  field-magnets, 
as  well  as  a  number  of  coils :  but  the  frequency  may  be 
got  by  simply  multiplying  together  the  revolutions  per 
second  and  the  number  of  pairs  of  poles,  a  consequent 
pole  or  two  facing  poles  counting  as  a  single  one. 

Example, — An  alternator  has  12  pairs  of  poles  (iV  and 
S),  and  runs  at  300  revolutions  per  minute.  Each  coil 
will  pass  through  12  fields  in  one  revolution — i.e.  there 
will  be  12  complete  reversals  or  waves  of  E.M.F.  {^)  in 
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each  revolution.     Consequently,  the   resulting  frequency 
will  be : — 

^  X  12  =  5  X  12  =  60  -. 
60 

45.  Virtual  Volts  and  Amperes. — Tlie  E.M.F.  of  a 
practical  alternator  is  continually  rising,  falling,  and  revers- 
ing, in  much  the  same  manner  as  described  in  §  42 ;  and 
the  current  in  the  circuit  must  rise,  fall,  and  reverse  in 
sympathy  though  not  necessarily  in  step  with  the  E.M.F. 
(§  47). 

It  is  clear-that  we  cannot  take  the  maximum  points  of 
the  pressure  or  current  wave  as  the  nominal  value,  for  the 
pressure  or  current  are  only  at  these  maxima  for  compar- 
atively short  periods.  What  is  rightly  called  an  alternating 
E.M.F.  of,  say,  100  volts,  must  at  some  times  be  considerably 
above  100  voltS)  and  at  other  times  at  zero.  Similarly,  an 
alternating  current  of,  say,  10  amperes,  is  at  times  greater 
than  10  amperes,  and  at  others  less.  We  must  take  a 
value,  called  the  virttml  value,  which  is  equivalent  to 
that  of  a  direct  E.M.F.  or  current  which  would  produce  the 
same  efifect  And  those  effects  of  the  E.M.F.  and  current 
are  taken  which  are  not  affected  by  rapid  changes  in 
direction  and  strength ;  in  the  case  of  E.M.F.  or  pressure — 
the  reading  on  an  electrostatic  voltmeter ;  and  in  the  case 
of  current — the  heating  effect. 

Thus,  a  virtual  U.M.F,  of  100  volts  is  one  that  would 
produce  the  same  deflection  on  an  electrostatic  voltmeter 
as  a  direct  E.M.F.  of  100  volts :  and  a  virtioal  current  of 
5  amperes  is  that  current  which  would  produce  the  same 
heating  effect  as  a  direct  current  of  5  amperes — say,  on  a 
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"bank"  or  group  of  incandescent  lamps.  But  both 
pressure  and  current  will  be  continually  varying  above 
and  below  these  values. 

The  virtual  value  of  an  alternating  E.M.F.  or  current 
having  a  sine  curve  form  (Eig.  59)  is  about  '707,  or 
rather  less  than  three-fourths  of  its  maximum  value.  For 
example,  an  E.M.F.  which  alternates  between  maximum 
values  of  100  volts  in  one  direction,  and  100  volts  in  the 
other,  will  have  a  virtual  value  of  about  70*7  volts. 
Similarly,  a  current  which  alternates  between  maxima 
of  10  amperes  in  one  direction,  and  10  amperes  in  the 
other,  will  have  a  virtual  value  of  about  7'07  amperes. 
The  reciprocal^  of  '707  is  1*41,  so  that  if  any  virtual 
value  of  pressure  or  current  be  multiplied  by  this  number, 
the  product  will  give  the  approximate  maximum  value. 
Thus,  a  virtual  alternating  pressure  of  220  volts  alternates 
between  maxima  of  (220  X  1*41  =)  310 -volts  in  either 
direction ;  and  a  virtual  current  of  50  amperes  between 
(50  X  1*4*1  =),  say,  70  amperes  in  one  direction,  and  70 
amperes  in  the  other. 

A  given  virtual  alternating  pressure  throws  more  strain 
on  the  insulation  of  a  circuit  than  a  direct  pressure  of  the 
same  value  (§  39):  and  in  this  connection  it  should  be 
remembered  that,  as  we  have  just  pointed  out,  any  given 
virtual  pressure  fluctuates  between  maximum  values  nearly 
half  as  high  again  as  its  virtual  value.     If  the  wave  of 

*  The  reciprocal  of  any  number,  n,  is  obtained  by  dividing  it  into 

unity — i,  e.   reciprocal  of   n  =  -.     Thus  reciprocal  of  '707  =  -    -- 

—  1*41442  ...  or  say,  1*41.  The  product  of  any  number  multiplied 
by  its  reciprocal  is  unity:  thus  -707  x  1*41442  ...  =1. 
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pressure  differ  from  the  sine  curve  form,  a  matter  which 
depends  on  the  design  of  the  alternator,  as  mentioned  at 
the  end  of  §  42,  the  maxima  may  be  as  much  as  twice 
the  virtual  value. 

The  difference  between  virtual  and  effective  values  of 
pressure  and  current  is  explained  in  §  56. 

46.  Amplitude  and  Phase. — The  amplitude  of  an 
impressed  (virtual)  alternating  E.M.F.  or  current  is  the 
maximum  value  or  height  of  each  wave.  Thus,  in 
Fig.  59,  the  distances  a  a  represent  the  amplitude  of  the 
waves  of  E.M.F. 


Fig.  62. — Lagging  Current. 

Both  E.M.F.  and  current  undergo  periodic  changes  of 
strength,  or,  in  other  words,  they  pass  through  different 
phases  or  states.  If  we  take  a  case  where  the  current 
rises,  falls,  and  reverses  exactly  at  the  same  time  as  the 
E.M.F.,  the  current  would  then  be  said  to  be  in  phase  or 
in  step  with  the  E.M.F. :  but,  as  already  explained,  this  is 
not  always  so,  the  current  wave  being  more  often  out  of 
phase  with  the  E.M.F.  wave,  owing  to  the  effects  of  in- 
ductance and  capacity.  The  frequency  of  the  current 
is,  however,  always  the  same  as  that  of  the  impressed 
E.M.F. 

47.  Lag  and  Lead. — It  was  explained  in  §  32  that  the 
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effect  of  inductance  in  a  circuit  is  to  cause  the  current  to 
take  time  to  "  grow,"  and  time  to  die  away.  In  fact,  the 
current  does  not  generally  start  till  after  the  E.M.F.  has 
been  impressed  on  the  circuit,  and  does  not  stop  until 
after  the  E.M.F.  has  been  stopped  or  reversed.  Induct- 
ance in  an  alternating-current  circuit  consequently  causes 
the  wave  of  current  to  lag  behind  the  wave  of  E.M.F. 
This  is  depicted  in  Fig.  62,  where  the  dotted  curve,  P, 
represents  the  E.M.F.  or  pressure  wave;  and  the  other 
curve,  G,  the  current  wave.  Starting  from  the  left-hand 
end  of  the  horizontal  line  or  time  base,  it  will  be  seen 
that  the  current  starts  after  the  E.M.F.  starts,  and  reverses 
after  the  E.M.F.  reverses,  and  so  on.  In  other  words,  the 
current  lags  in  phase  behind  the  E.M.F.,  although  its 
frequency  is  exactly  the  same. 

The  amount  of  the  la^  is  measured  in  degrees  as  set 
out  along  the  time  base.  Thus  the  lag  is  indicated  by 
the  distance,  d,  between  the  beginning  of  the  pressure 
curve  and  the  beginning  of  the  current  curve,  and  is  in 
this  case  about  70°.  The  lag  due  to  inductance  may  be 
anything  up  to  90°  (a  quarter  period),  but 
cannot  exceed  this. 

The  effect  of  capacity  in  a  circuit  is 
generally  said  to  cause  the  current  to  lead 
in  phase,  but  this  effect  is  rather  difficult  to 
conceive,  though  we  will  endeavour  to  ex- 
plain it  by  means  of  a  mechanical  analogy, 
such  as  has  already  been  employed.  Apply 
an  alternating  twisting  force  to  the  top  of  the 
wire,  T  (Fig.  63) ;  the  action  of  the  spring,  Sy 
being  taken  to  represent  the  eflfect  of  capacity,  and  the 
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rotation  of  the  vane,  V,  movement  of  electricity  or  current. 
On  commencing  the  experiment  the  twisting  force 
(E.M.F.)  must  first  be  applied  before  the  rotation  (current) 
will  commence ;  but  after  a  time,  though  it  will  be  difficult 
to  discern,  the  resilieney  or  rebounding  eflfect  of  the 
spring  will  act  so  as  to  cause  the  vane,  F",  to  move  in 
advance  of  the  twisting  force  (E.M.F. ),  thus  representing 
the  current  leading  in  phase.  The  explanation  of  the 
eflfect  of  capacity,  as  given  in  §§  35  and  37,  will  also  assist 
the  reader  to  understand  what  is  meant  by  the  term.  As 
a  general  rule,  alternating  cuiTents  lag  more  or  less  in 
phase,  as  the  inductance  usually  greatly  preponderates 
over  the  capacity :  but,  on  very  long  lines,  or  by  purposely 
introducing  capacity  into  a  circuit,  the  lag  may  be  neutral- 
ized or  even  exceeded  by  the  lead,  and  the  current  will 
then  be  either  in  phase  with  the  pressure,  or  it  may  lead 
in  phase. 

There  has  been  some  objection  to  the  terms  "  lead  of 
current"  or  "lead  in  phase,"  principally  on  the  ground 
that  they  tend  to  convey  the  idea  that  the  eflfect  precedes 
the  cause — i.e,  that  the  current  is  in  advance  of  the 
E.M.F.  causing  it.  The  latter  is  true  in  one  sense,  but 
untrue  in  another.  Of  course,  there  can  be  no  flow  of 
electricity  in  a  circuit  until  E.M.F.  has  been  applied :  but 
if  the  circuit  has  capacity,  and  supposing  firstly  that  a 
direct  E.M.F.  is  applied,  the  current  will  on  starting  be 
momentarily  greater  than  the  ultimate  steady  current; 
and  it  will  again  be  momentarily  greater  on  stopping  the 
E.M.F. 

In  §  31  we  likened  an  electrical  circuit  to  a  pipe  filled 
with  water.     This  analogy  may  be  extended  by  supposing 
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that  an  electrical  circuit  with  capacity  is  like  a  pipe 
circuit  only  partially  filled  with  water.  Then  when  water- 
motive  force  is  applied — for  instance,  when  the  connection 
of  the  circuit  with  a  cistern  or  reservoir  is  established  by 
opening  a  tap — there  will  be  a  momentary  rush  of  water  (till 
the  pipe  is  filled  up)  that  will  be  greater  than  the  ultimate 
steady  flow.  The  hydraulic  circuit,  however,  does  not  offer 
a  good  analogy  for  the  electric  circuit  when  capacity  is 
taken  into  account  The  capacity  of  a  rigid  pipe  for 
water  is  fixed,  whereas  the  capacity  of  a  conductor  for 
electricity  depends  upon   its   surroundings,   and   on   the 
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Fig.  64. — Leading  Current. 

E.M.F.  or  P.D.  applied.^  The  illustration  just  put  forward 
will  serve  to  give  the  reader  an  idea  as  to  how  capacity 
may  be  said  to  "suck"  the  current  out  in  advance  of  a 
direct  E.M.F.,  but  does  not  afford  a  parallel  for  the  dis- 
charge flow,  or  for  the  action  with  an  alternating  E.M.F. 

The  lead  of  current  due  to  capacity  in  an  alternating 
current  circuit  is  best  illustrated  by  the  mechanical 
analogies  given  at  the  beginning  of  this  paragraph  and  in 
§  37,  while  a  partial  explanation  is  given  in  §§  33,  35,  and 

^  See  the  Author's  First  Book  of  Electricity  and  Magnetism,  Second 
Edition,  §  159. 
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55.  Fig. 64  represents  the  current  curve,  GOO,  leading  in 
advance  of  the  pressure  curve,  FPP, 

Lag  and  lead  are  further  dealt  with  in  §§  56,  57,  and  59. 

48.  Reactance. — The  resistance  oflFered  by  a  conductor 
to  a  steady  flow  of  electricity  is  expressed  in  ohms ;  and 
this  value  is  the  same  whether  the  conductor  is  coiled 
up  or  stretched  out,  and  is  unaffected  by  the  presence  of 
neighbouring  conductors.  With  a  constantly  changing 
current,  such  as  an  alternating  one,  the  apparent  resist- 
ance offered  to  its  flow  is  greater  if  the  circuit  conductor 
be  coiled  up  than  if  it  be  straight,  is  affected  by  the 
presence  of  neighbouring  conductors,  and  also  depends 
upon  the  frequency.  In  short.  Ohm's  simple  law  as 
enunciated  in  Chap.  II.  cannot  be  applied  to  alternating- 
current  circuits. 

This  apparent  additional  resistance  in  the  circuit  is 
due  to  the  combined  effect  of  self  and  mutual  induction, 
and  is  called  reactance.^  The  inductance  is  increased 
by  the  presence  of  electro-magnets  or  coils  of  wire  in 
the  circuit,  but  is  neutralized  by  capacity;  while  the 
mutual  induction  depends  upon  the  presence  of  neigh- 
bouring conductors.     Thus : — 

T>      .  inductance 

Keactance  oc , — 

capacity 

Reactance  constitutes  a  kind  of  spumous  resistance^  over 

and  above  the  ordinary  or  ohmic  resistance  (§  57). 

*  The  term  hiductance  was  originally  introduced  to  take  the  place 
of  self-iiidiwtion,  but  it  is  now,  as  in  this  particular  case,  taken  to 
include  mutual  induction  also,  as  the  two  are  in  many  cases  insepar- 
able, especially  in  alternating-curtent  work.  The  distinction  between 
self  and  mutual  induction  is  given  in  Chap.  IV. 

K 
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49.  Reactance  and  Impedance. — Impedance  is  the 
"virtual"  or  total  resistance  oflfered  to  the  flow  of  an 
alternating  current ;  and  from  what  was  said  in  the  pre- 
ceding paragraph,  is  clearly  the  combined  etfect  of  the 
ohmic  and  spurious  resistances  in  a  circuit ;  or  in  other 
words : — 

Impedance  x  resistance  +  reactance. 

The  two  terms  reactance  and  impedance  must  not  be 
confused.  It  should  be  easy  to  remember  that  reactance 
refers  only  to  the  reactive  effects  in  the  circuit,  or  what  is 
otherwise  called  the  "  spurious  resistance  " — i,  e.  an  extra 
resistance  brought  about  when  the  flow  of  electricity  is 
not  steady.  Impedance,  on  the  other  hand,  implies  the 
virtual  or  total  resistance  which  impedes  the  flow  of  an 
alternating  current  of  electricity. 

The  connection  between  resistance,  reactance,  and 
impedance  is  further  explained  in  §  57. 

*50.  Different  action  of  Resistance  and  React- 
ance ON  Current.  Choking  Coils. — There  is  a  very 
important  diflference  in  the  obstruction  oflfered  to  an 
alternating  current  by  ordinary  resistance  and  by  react- 
ance, as  the  reader  will  have  observed  in  performing  the 
experiments  mentioned  in  §§38  and  41.  Resistance 
obstructs  the  current  by  dissipating  its  energy,  which  i« 
converted  into  heat.  Reactance,  on  the  other  hand, 
obstructs  the  current  by  setting  up  an  alternating  E.M.F. 
in  opposition  to  the  impressed  E.M.F.,  and  so  reduces  the 
current  in  the  circuit  without  wasting  much  energy,  except 
by  hysteresis  in  any  iron  magnetized  (Chap.  VL). 

This   may   be   regarded  as  one  of  the  advantages  of 
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alternating  over  direct  currents,  for,  by  introducing  re- 
actance into  a  circuit,  we  can  cut  the  current  down  with 
comparatively  little  loss  of  energy.  This  is  generally  done 
by  increasing  the  inductance  in  a  circuit,  and  consequently 
also  its  reactance  and  impedance,  by  means  of  a  device 
called  variously  a  reactance  coil,  impedance  coil,  choking 
coil,  or  ^^ choker'^ 

Figs.  65,  66,  and  67  illustrate  the  principle  of  choking 
coils.  In  Fig.  65,  (7  is  a  coil  of  thick  wire  provided  with 
a  laminated  iron  core,  /  C, 
which  may  be  either  fixed  or 
movable.  In  the  first  case, 
the  inductance,  and  therefore 
also  the  reactance  of  the  coil, 
is  invariable,  with  a  given 
frequency.  In  the  second  case, 
the  inductance  and  consequent 
reactance  may  be  respectively 
increased  or  diminished  by  in- 
sei*ting  the  core  farther  within 
the  coil  or  by  withdrawing  it. 

In  Fig.  66,  (7  is  a  coil  of  thick  wire  with  a  fixed 
laminated  iron  core,  I G,  and  a  movable  thick  copper 
sheath  or  sleeve,  G  S.  When  G  S  is  apart  from  G,  the 
latter  will  have  its  maximum  inductance — i,  e.  its  greatest 
choking  efifect ;  but  this  will  decrease  as  (7  ^  is  slipped 
further  and  further  on  to  G,  When  G  S  is  placed  over  G, 
mutual  induction  takes  place  between  G  and  G  S,  the 
latter  forming  a  closed  secondary  circuit.  The  E.M.F. 
due  to  the  inductance  of  the  coil  G  will  then  be  more 
or  less  occupied   in  setting  up  currents  in  G  S,  instead 


Fig.  65.— Simple  Choking  Coil. 
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of  opposing  the  pressure  in  and  so  weakening  the  current 
in  the  main  circuit.  The  sheath,  OS,  however,  also  absorbs 
some  of  the  energy  of  the  current  flowing  through  C; 
hence  a  choking  coil  on  the  first-described  principle  (Fig. 
65)  is  more  generally  used. 

The  choking  coil  depicted  in  Fig.  66  is  virtually  a  small 
transformer,  of  which  0  is  the  primary  coil,  and  C  S  the 
secondary  coil.  Now  the  copper  sheath,  0  S,  has  very 
little  resistance,  and  the  currents  set  circulating  in  it — 
which   represent   energy   transferred    from    the    primary 


Fig.  66.— Sheathed  Choking  Coil. 


circuit,  C — are  comparatively  large.  If  we  could  increase 
or  diminish  the  resistance  of  C  S  Sit  will,  instead  of 
slipping  it  on  or  off  C,  we  should  be  equally  well  able  to 
regulate  the  choking  effect  of  the  apparatus  as  a  whole. 
This  is  sometimes  done  in  practice,  as  diagrammatically 
represented  in  Fig.  67,  where  /  (7  is  a  laminated  iron  core, 
on  which  are  wound  the  fixed  primary  and  secondary  coils 
Pand  S.  P  is  in  the  main  circuit,  and  joined  up  to  S  is  an 
adjustable  resistance,. i2,  with  some  kind  of  sliding  contact, 
Gy  by  which  the  amount  of  B  may  be  increased  or 
diminished.      The    iron    core,    /C,    may    or    may    not 
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be  movable.  Supposing,  firstly,  that  it  is  fixed.  The 
greater  the  resistance  of  the  secondary  circuit,  SRO,  the 
smaller  will  be  the  currents  induced  therein,  and  the  less 
the  energy  of  inductance  absorbed  from  the  primary 
circuit,  P:  consequently,  when  R  is  small,  the  least 
choking  eflfect  will  be  exercised,  but  as  B  is  increased,  the 
choking  effect  will  increase.  If  /  C  is  movable,  the 
choking  effect  may  be  further  diminished  or  increased  by 
respectively  withdrawing  or  inserting  it. 
*51.  Practical  Forms  of  Chojcing  Coil. — All  the 
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Fio.  67. — Choking  Coil  with  Variable  Closed  Secondary  Circuit. 


"  chokers "  described  here  belong  to  the  class  depicted  in 
Fig.  65 — i,  e,  they  consist  of  one  winding  with  a  movable 
or  fixed  core.  Choking  coils  acting  on  the  principle  shown 
in  Fig.  66  are  used  in  America,  but  besides  being  less 
efficient,  as  already  pointed  out,  they  are  also  more 
expensive  in  construction.  Owing  to  inefficiency,  the 
principle  shown  in  Fig.  67  is  not  altogether  satisfactory 
when  the  choking  coil  is  in  circuit  for  hours  at  a  time. 
Fig.  68  shows  a  choking  coil  for  heavy  work,  as  made  by 
Messrs.  Johnson  and  Phillips.  The  coil  consists  of  one 
winding  in  two  sections,  the  bobbin  being  divided  midway 
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Fig.  68, 


by  an  insulating  "  cheek."  A 
guide-tube  of  "pressspahn"^ 
is  fixed  to  the  top  of  the 
bobbin,  and  in  this  slides  the 
core.  The  latter  is  made  of 
a  bundle  of  fine  iron  wires 
securely  bound  together,  and 
it  is  hung  at  oqe  end  of  a 
stet^l  cord,  which  makes  a 
couple  of  turns  round  a  pulley, 
and  terminates  in  a  counter- 
weight; the  cord  being  fixed 
at  one  point  to  the  pulley,  so 
that  it  cannot  slip  thereon. 
A  sensitive  adjustment  is 
secured,  the  hand-wheel  oper- 
ating a  worm  which  gears  into 
a  spur  wheel  fixed  alongside 
the  pulley.  The  latter  may  be 
locked  in  any  required  position 
by  means  of  the  small  bolt 
at  the  right-hand  end  of  its 
spindle.  The  terminals  of  the 
coil  are  at  the  back  of  the 
wooden  stand,  the  switch  at 
the  top  being  so  connected 
as  to  short-circuit  it  if  neces- 

^  Pressspcthn  is  a  material  made 
of  compressed  wood  fibre.     It  is 

-Choking  Coil  (Johnson    ^^^^P^^  ^^^^  vulcanite,  and  more 
and  Phillips).  durable  than  pasteboard. 
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sary.  The  height  of  the  stand  is  4  ft.  10  in.,  the  par- 
ticular size  shown  carrying  a  maximum  current  of  15 
amperes,  and  at  a  certain  frequency,  choking  down  the 
P.D.  of  the  circuit  in  which  it  is  fixed  from  1400  to  200 
volts. 
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Fig.  69.— Choking  Coil  (Crompton  &  Co.). 

Fig.  69  gives  an  outline  of  a  choking  coil  made  by 
Messrs.  Crompton  &  Co.,  the  main  difference  between 
this  and  the  one  just  described  being  in  the  method  of 
adjustment,  and  the  absence  of  a  counterweight.  The 
coil  G,  and  iron  core  /  0,  are  both  great  in  diameter,  as 
compared  with  length;  the  core  thus  having  to  pass 
through  only  a  relatively  small  distance  to  secure  a  large 
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(liflFerence .  in  efifect.  The  core,  /  C,  is  made  up  of  fine 
soft  iron  wires  bound  together,  and  is  fastened  to  one  end 
of  a  steel  band  which  passes  over  the  pulley  P.  The  other 
end  of  this  steel  band  is  secured  to  the  cross-piece  OP, 
which  travels  along  the  two  guide  rods,  G  B.     The  hori- 


Fio.  70.— Choking  Coil  in  Case. 

zontal  lines  on  I  0  represent  the  binding  round  the  iron 
wires,  the  latter  of  course  running  in  a  perpendicular 
direction.  The  hand-wheel  JS",  on  the  front  of  the  switch- 
board, turns  the  screwed  spindle  S  S,  which  is  tapped  into 
OP;  and  according  to  the  direction  in  which  H'\%  turned, 
so  0  P  moves  either  to  the  right  or  to  the  left,  and  1 0  is 
withdrawn  from  or  dropped  further  into  the  coil.  The 
design  of  the  coil  and  the  method  of  adjustment  may  be 
altered  to  §uit  different  circumstances. 

Fig.  70  shows  a 
choking  coil,  or  rather 
a  collection  of  chok- 
ing coils,  fitted  in  a 
cast-iron  case,  from 
which  the  cover  has 
been  removed  to  show 
the  interior.  Each 
separate  "  choker  "  has 

two  coils  mounted   on  Fig.  71.— Choking  Coil. 
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a  laminated  core,  as  illustrated  in  Fig.  71.  These  cores 
cannot  be  seen  in  Fig.  70,  as  strips  of  vulcanized  fibre  are 
placed  horizontally  between  their  ends  and  the  holding- 
down  bolts.  The  coils  are  relatively  small,  as  the  case 
which  holds  them  is  only  2  ft.  long.  This  apparatus  was 
made  by  the  Electric  Construction  Company  for  the 
system  of  street  lighting  adopted  at  Lagos,  W.  Africa,  where 
50-c.p.  incandescent  lamps  are  run  in  series  circuits  off 
constant  potential  mains.  A  sketch  of  the  connections  is 
given  in  Fig.  72,  where  it  will  be  seen  that  the  choker  (or 
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Fig.  72.— Choking  Coil  Circuit. 

rather  chokers)  is  joined  up  with  a  multiple-contact 
regulating  switch.  Each  lamp  is  provided  with  an  auto- 
matic short-circuiting  cut-out,  and  should  one,  two,  or  more 
of  them  fail,  a  corresponding  number  of  sections  of  the 
choking  apparatus  is  put  in  circuit  to  take  the  place  of 
the  broken  lamp  or  lamps,  and  thus  keep  the  current 
constant.  It  must  not  be  supposed  that  this  arrangement 
of  lamps,  etc.  is  a  general  one ;  it  being  adopted  to  suit 
certain  special  conditions.  The  matter  is  cited  as  illus- 
trating an  application  of  choking  coils. 

Another  type   of  choking   coil,   made   by   Mr.   Leslie 
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C=2A 


Miller  for  very  light  work,  consists  of  a  fixed  core  and  coil, 
the  number  of  turns  of  the  latter  in  circuit  being  varied 
by  means  of  a  sliding  contact.  A  diagram  of  this  arrange- 
ment is  given  in 
Fig.  73,  and  an  ex- 
terior view  in  Fig. 
74.  IE  is  a  lamin- 
ated iron  ring  built 
up  of  soft  iron 
ribbon.  On  this, 
but  well  insulated 
therefrom,  is  a  coil 
of  thickly  -  covered 
copper  wire,  one 
end  of  which,  U,  is 
free,  i,  e,  uncon- 
nected with  any- 
thing, while  the 
other  is  joined  to 
terminal  T.  IB  is 
closely  wound  with 
the  wire,  i.e.  the 
turns  lie  close  side 
by  side,  not  as 
shown  in  the  figure. 
Pivoted  in  the 
centre  of  the  ring 
and  operated  by  a 
handle  H,  is  a  brass  arm  A,  the  end  of  which  bends  over  and 
makes  contact  with  the  turns  of  wire  on  the  outer  edge  of 
the  ring,  the  insulating  covering  being  scraped  off  for  this 


Fio.  73.— Small  Choking  Coil  Circuit. 
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purpose,  after  the  wire  is  wound  on  the  ring,  without  how- 
ever short-circuiting  the  neighbouring  turns.  A  is  con- 
nected with  terminal  T\  and  the  figure  shows  the  con- 
nection of  the  choking  coil  to  the  mains,  with  one  lamp 
Z  in  circuit.  If  the  arm  A  is  in  the  dotted  position  A'  no 
current  will  flow.     By  turning  H  one  way  or  the  other, 


Fio.  74.— Combined  Choking  Coil  and  Switch. 

more  or  less  of  the  turns  of  wire  will  be  put  in  circuit 
with  the  lamp,  and  the  latter  will  give  less  or  more  light. 
It  may  appear  that  the  actual  resistance  of  the  turns  put 
in  circuit  has  something  to  do  with  the  cutting  down  of 
the  current,  but  if  the  apparatus  is  well  designed,  the 
resistance  of  the  whole  of  the  coil  should  be  such  that  if 
it  were  all  put  in  circuit  with  the  lamp  without  its  iron 
core,  i.e.  without  appreciable   reactance,  there  would  be 
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very  little  effect  on  the  brightness  of  the  lamp.  For  if  the 
coil  has  much  resistance  as  well  as  reactance,  energy  will  be 
absorbed  in  heating  the  coil,  and  the 
current  will  not  be  cut  down  without 
material  waste,  the  primary  object  of  a 
choking  coil.  An  exterior  view  (about 
half-size)  is  given  in  Fig.  74,  where  the 
handle  and  the  terminals  {H  and  T  T' 
in  Fig.  73)  will  be  seen. 

These  choking  coils  are  suitable  for 
regulating    a   single   or  even    two   or 
^        nil  ills       tliree  lamps,  but  cannot  be  used  for 
I  illH       l^'*?^    currents.      Fig.    75   shows   this 

I  ill  I       apparatus  or  regulating  sfwitcli,  as  it  is 

1  III        sometimes  called  (for  it  acts  both  as 

J^^      llll        switch    and   regulator),  fixed   in   con- 
^^^^L    ||ll       junction  with  a  glow-lamp. 
^H|^  11 1  *52.  Use  of  Choking  Coils. — It 

has  been  shown  that  choking  or  re- 
actance coils  are  made  in  many  different 
forms;  and  that  their  use  is  to  cut 
down,  "choke,"  or  "throttle"  the 
pressure  in  a  circuit  or  portion  of  a 
circuit;  the  principle  of  their  action 
being  illustrated  by  the  experiments 
Fig.    75.- Combined  mentioned  in   S  38.     In  electric-light 

Choking       Coil       and  ,      ^         .      ,  ,         , 

Switch  fitted  to  Lamp,  work  lor  mstanco,  a  glow-lamp  or 
group  of  lamps  may  be  "  turned  down  " 
or  "dimmed"  to  any  desired  extent  by  operating  a 
choking  coil  in  its  or  their  circuit.  In  theatres,  music- 
halls,  churches,  etc.,  any  number  of  lamps  may  be  simul- 
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taneously  raised  or  lowered  in  brilliancy  by  the  use  of 
choking  coils.  In  ordinary  house  work,  an  alteration  in 
the  light  is  generally  effected  by  simply  turning  lamps  on 
or  off,  though  a  choking  coil  such  as  is  shown  in  Fig.  74 
is  useful  in  some  cases,  e.  g.  in  bedrooms,  etc.  Of  course 
this  turning  down  or  lowering  of  the  lights  could  be 
effected  by  inserting  ordinary  resistance  in  the  circuit,  but 
in  this  case,  as  previously  explained,  much  of  the  energy 
taken  from  the  lamps  would  be  expended  in  heating  the 
resistance,  whereas  by  using  reactance  coils  the  current 
is  cut  down  with  very  little  waste. 

The  principal  use  of  choking  coils,  however,  is  in  con- 
nection with  arc  lighting,  and  for  regulating  purposes  in 
central  station  work.  One  or  two  forms  for  arc  lighting 
work  are  illustrated  in  Chap.  I.,  where  their  use  is  fully 
dealt  with.  Something  is  said  in  §  58  as  to  the  calcula- 
tion of  the  inductance  for  a  choking  coil  for  a  given  circuit. 
53.  "  Skin  Resistance  "  or  Conductor  Impedance. — 
When  a  direct  current  begins  to  traverse  a  conductor,  it 
commences  to  flow  first  at  the  surface,  and  then  at  last 
penetrates  to  the  interior:  when  it  stops,  it  leaves  off 
first  at  the  surface  and  lastly  in  the  interior.  This  effect 
is  due  to  the  inductance  of  the  conductor,  and  may  be 
explained  as  follows.  Imagine  the  conductor  to  consist  of 
a  number  of  separate  small  insulated  wires  packed  closely 
together  side  by  side  (Fig.  76),  Now  when  a  current  is 
started  along  these  separate  wires,  mutual  induction  will 
take  place  between  them,  and  momentary  reverse  E.M.Fs. 
will  be  set  up  therein.  Clearly  those  wires  which  are 
nearer  the  centre  and  consequently  completely  surrounded 
by  neighbouring  wires  will  have  stronger  reverse  E.M.Fs. 
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set  up  in  them  than  those  on  or  near  the  outer  surface,  so 
that  a  dh-ect  current  will  find  less  momentary  opposition 
to  it  near  the  surface  than  in  the  interior  of  the  con- 
ductor. Thus  a  direct  current  may  be  said  to  flow  first 
at  the  surface  and  lastly  evenly  through  the  whole  section 
of  the  conductor;  the  time  occupied  in  settling  down 
being  only  a  fraction  of  a  second,  however.  Again 
imagining  our  conductor  as  subdivided  (Fig.  76),  when 
the  steadily  flowing  direct  current  is  suddenly  stopped, 
mutual  induction  will  take  place,  and  momentary  " direct " 
E.M.Fs.  (i.e.  in  the  same  direction  as  the  current  is  flow- 
ing) will  be  set  up  in  the  separate  wires,  and  will  tend  to 


Fig.  76. 

prolong  the  current.  These  induced  E.M.Fs.  will  be 
greater  in  those  wires  in  the  centre  than  in  those  on  the 
surface,  hence  the  current  will  leave  oflf  first  at  the  surface 
and  lastly  at  the  interior.  If  we  suppose,  for  argument, 
that  the  conductor  is  subdivided  into  separately  insulated 
conductors  or  wires,  we  may  put  down  the  effect  to  mutual 
induction :  but  if  we  think  of  the  conductor  as  a  whole, 
the  effect  may  be  attributed  to  self-induction  (inductance), 
which  is  perhaps  after  all  the  real  cause. 

This  phenomenon  has  been  given  the  name  of  skin 
resistance,  a  bad  and  misleading  term,  as  after  all  it  is 
plainly  an  effect  of  induction  and  has  nothing  to  do  with 
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ohmic  resistaDce :  for  if  we  take  two  conductors  of  equal 
length,  resistance,  and  cross -section,  one  being  of  circular 
section  and  the  other  in  the  shape  of  a  ribbon  (Fig.  76),  it 
will  be  found  that  the  so-called  "  skin  resistance  "  of  the 
first  is  greater  than  that  of  the  second,  for  the  reason  that 
the  latter  conductor  is  more  spread  out,  i.  e.  the  imaginary 
separate  wires  composing  it  are  not  so  much  under  each 
other's  inductive  influence.  The  term  "skin  resistance" 
would  lead  one  to  think  that  with  two  or  more  conductors  of 
equal  cross-section,  the  phenomenon  in  question  would  be 
more  marked  in  the  one  with  the  greater  surface,  whereas 
the  reverse  is  the  case.  The  Author  has  suggested  that 
conductor  impedance  would  be  a  better  and  more  expressive 
name  for  this  eflfect. 

Although  the  eCFect  of  inductance  is  not  very  notice- 
able in  straight  conductors,  there  is  no  doubt  that  it 
exists  therein,  and  is  the  greater  the  greater  the  mass 
and  the  more  compact  the  shape  of  the  conductor.  With 
direct  currents,  however,  its  effects,  in  uncoiled  conductors, 
may  be  disregarded,  as  such  only  occur  at  the  moment  of 
starting  or  stopping  the  current. 

54.  Conductors  for  Alternating  Currents. — The 
iu'hictance  of  a  straight  or  thick  conductor  (i,e.  its  so- 
called  "skin  resistance")  exercises  a  continual  effect  on 
the  flow  of  an  alternating  current ;  which  effect  increases 
in  proportion  to  the  frequency  of  the  cuiTent.  When 
an  alternating  current  commences  to  flow  in  a  conductor, 
it  starts  first  at  the  outer  surface  and  then  penetrates 
more  or  less  to  the  interior ;  but,  unless  the  frequency  be 
very  low,  and  the  conductor  small  (presuming  it  to  be  of 
circular  solid  section),  it  may  happen  that  very  little  or  no 
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current  flows  through  the  centre.  Let  us  try  to  picture 
the  probable  cause  of  this.  When  the  current  starts  in 
one  direction,  the  reverse  E.M.F.  due  to  inductance  is,  as 
was  shown  in  the  preceding  paragraph,  greatest  at  the 
centre ;  supposing  the  current  to  stop,  the  induced  E.M.F. 
is  again  greatest  at  the  centre,  and  is  at  the  moment 
"  direct,"  i,  e.  in  the  same  direction  as  the  current :  but  as 
the  latter  at  this  moment  reverses,  this  direct  E.M.F. 
acts  in  opposition  to  it.  Thus  the  induced  E.M.Fs., 
which  exist  principally  in  the  centre,  alternate  as  the 
current  alternates,  but  are  constantly  opposite  in  direc- 
tion. Though  the  efifect  of  inductance  in  straight  con- 
ductors is  extremely  small  as  compared  with  that  in  coiled 
ones  (as  in  electro-magnetic  apparatus),  still  it  does  exist, 
and  Lord  Kelvin  has  shown  that  in  the  case  of  a  current 
at  a  frequency  of  150  ^,  the  current  penetrates  the  copper 
conductor  to  a  depth  of  about  three  millimetres  only, 
i.  e,  a  little  over  one-tenth  of  an  inch.  At  the  ordinary 
frequency  of  100  ^,  it  has  been  calculated  that  the 
current  in  a  copper  conductor  at  a  depth  of  12  milli- 
metres (nearly  '5  in.)  from  the  surface  is  only  about  one- 
seventh  of  its  value  at  the  surface.  Thus  the  largest 
useful  size  of  circular  cable  for  alternating-current  work  at 
ordinary  frequencies  is  about  19/14s,  i.  e.  a  strand  made 
up  of  1 9  wires,  each  of  No.  14  size,  the  total  diameter  being 
about  '4  in.  Larger  sizes  are  less  efficient  than  the  cross- 
section  of  copper  would  seem  to  indicate. 

Some  writers  aver  that  the  eifect  just  dealt  with  is  due 
to  capacity  as  well  as  inductance,  and  such  is  probably  the 
case,  though  if  capacity  be  taken  into  account  the  ex- 
planation becomes  less  simple.     However  the  effect  be 
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explained,  it  seems  certain  that  the  conducting  power  of  a 
conductor  for  alternating  currents  depends  not  so  much 
upon  its  mass  as  upon  its  surface,  so  that  a  hollow  tube 
may  conduct  nearly  as  well  as  a  solid  rod  of  the  same 
diameter:  and  with  the  same  area  of  cross-section,  a 
ribbon-shaped  or  tubular  conductor  is  preferable  to  a 
circular  stranded  or  solid  one.  As  was  mentioned  at  the 
beginning  of  this  paragraph,  the  "skin  resistance'*  or 
conductm'  impedance  (§  53)  increases  as  the  frequency 
increases ;  but  unless  either  the  frequency  of  the  current 
or  the  thickness  of  the  conductor  be  very  great,  it 
may  be  disregarded  in  practice  for  the  sizes  most  com- 
monly in  use.  Low-tension  alternating  cables  for  large 
currents  have,  however,  to  be  designed  with  this,  point 
in  view. 

55.  Electrical  Resonance.  —  The  mains  of  the 
London  Electric  Supply  Corporation  extend  from  their 
central  station  at  Deptford  to  various  distributing  centres 
in  the  western  and  southern  districts  of  London.  Each 
"  go  "  and  "  return  '*  main  up  to  about  the  year  1897  con- 
sisted of  concentric  copper  tubes  insulated  from  each 
other  with  tightly-compressed  paper,  and  owing  both  to 
their  shape  and  great  length  they  possessed  considerable 
capacity.  Soon  after  the  supply  was  started,  the  fall 
of  pressure  along  the  mains  was  found  to  be  much  less 
than  anticipated,  in  other  words,  the  pressure  at  the  dis- 
tributing ends  was  greater  than  could  be  then  accounted 
for.  After  a  time  it  was  seen  that  this  effect  was  due  to 
the  great  length  and  consequent  capacity  of  the  mains, 
and  the  rise  of  pressure  due  to  this  cause  has  been  given 
the  name  electrical  resonance,  though  it  is  more  popularly 
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known  as  "  rise  of  pressure  effect,"  *'  capacity  eflFect,"  or 
*'  condenser  effect." 

In  his  Royal  Institution  Lectures  (§  36),  Professor 
Forbes  presented  a  mechanical  analogy  for  this  so-called 
"  electrical  resonance."  A  long  spiral  spring  was  suspended 
from  the  ceiling,  the  free  end  being  held  in  the  hand :  and 
the  end  of  the  spring  was  pulled  down  and  allowed  to  rise 
again  at  regular  intervals  and  with  small  force.  After  a 
time,  the  spring  accumulated  energy  by  reason  of  its  re- 
silience, and  its  movements  up  and  down  showed  greater 
amplitude  than  that  which  the  operator  gave  it  at  each 
downward  pull — that  is  to  say,  the  spring  "jumped"  up 
and  down  of  its  own  accord  beyond  the  range  of  the  hand 
at  its  lower  end. 

To  construe  this  effect  into  electrical  language,  we 
must  first  of  all  assume  that  the  direction  of  the  axis 
passing  down  the  centre  of  the  spring  is  the  direction  of 
the  circuit  conductor  (or  rather  part  of  it);  that  the 
elongation  and  shortening  of  the  spring  represent  currents 
first  in  one  direction  and  then  in  the  other ;  and  that  the 
downward  pulls  stand  for  the  impressed  E.M.Fs.  in  one 
direction,  there  being  no  analogue  for  E.M.Fs.  in  the 
opposite  direction,  as  the  spring  is  not  pushed  up,  but 
contracts  of  its  own  accord. 

If  both  the  E.M.F.  and  frequency  be  very  low  indeed, 
i,e.  if  the  end  of  the  spring  be  pulled  down  slowly  and 
at  long  intervals,  the  "jumping  effect"  (capacity  current) 
will  be  absent :  but  as  the  "  frequency  "  of  the  downward 
pulls,  or  the  E.M.F.,  as  represented  by  the  sharpness 
with  which  the  spring  is  pulled,  increases,  so  also  will  the 
jumping  effect,  until  at  last  the  movement  of  the  spring 
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("current)  will  refuse  to  be  governed  by  and  will  be  out  of 
step  with  the  successive  pulls  (E.M.F.  impulses)  given 
by  the  observer.  The  above  explanation  is  doubtless 
somewhat  crude  and  weak,  but  it  will  serve  to  give  the 
reader  an  inkling  of  the  cause  of  electrical  resonance, 
the  effect  being,  as  already  stated,  to  lessen  the  fall  of 
potential  along  the  conductor  or  circuit  in  which  it  exists. 

*' Electrical  resonance"  is  the  effect  of  capacity  on  an 
alternating  current  in  circuits  (or  portions  thereof)  in 
which  the  inductance  is  so  counterbalanced  by  the 
capacity  that  the  reactance  is  nil.  Then  the  current  is 
exactly  in  phase  with  the  impressed  E.M.F.  It  is  very 
seldom,  however,  that  this  exact  balance  occurs  in  practice, 
unless  intentionally  brought  about ;  but  when  it  does  so 
happen,  the  effect  is  very  marked,  the  pressure  in  the 
circuit  rising  enormously,  and  great  strain  being  thrown 
upon  the  insulation  of  the  circuit.  In  some  cases  the 
circuit  pressure  has  been  increased  eightfold  thereby! 

56.  Effective  Volts  and  Amperes. — In  §  45  an  ex- 
planation was  given  of  the  meaning  of  the  terms  virtual 
pressure  and  virtual  current.  A  virtual  E.M.F.  is  about 
•707  of  the  maximum  values  reached  by  the  tops  of  the 
pressure  curve  if  the  latter  is  of  the  sine  shape  (Fig.  59), 
and  varies  slightly  as  the  form  of  the  curve  varies.  When 
we  speak  of  the  E.M.F.  impressed  on  the  circuit,  we  mean 
the  virtual  E.M.F.  In  nearly  all  circuits  the  impressed  or 
virtual  E.M.F.  meets  with  an  opposing  E.M.F.  of  reactance, 
and  the  effective  E.M.F,  is  something  less  than  the  virtual 
E.M.F.,  it  being  that  pressure  which  is  ultimately  available 
for  driving  electricity  round  the  circuit,  or  for  doing  work. 

For  illustration,  let  us  imagine  a  given  non-inductive 
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circuit,  without  appreciable  capacity,  containing  a  short- 
circuited  choking  coil ;  and  suppose  that  a  constant  virtual 
or  impressed  E.M.F.  is  maintained  at  its  ends,  as  in 
Fig.  48.  While  the  choking  coil  is  short-circuited,  there 
being  no  opposing  E.M.F.  in  the  circuit,  the  whole  of  the 
impressed  E.M.F.  will  be  effective  in  driving  electricity 
round — i.  e.  the  virtual  and  effective  E.M.Fs.  will  be  equal. 
If  the  choking  coil  is  thrown  in  circuit,  the  reactive  E.M.F. 
due  to  its  inductance  will  oppose  the  virtual  E.M.F. ;  and 
the  effective  E.M.F.  and  consequent  current  will  be  pro- 
portionately reduced,  and  will  be  still  further  reduced  if 
the  reactance  of  the  coil  is  increased,  the  virtual  or 
impressed  E.M.F.  remaining  constant  the  whole  time. 

Referring  to  what  was  said  in  §  45,  if  an  electrostatic 
voltmeter  be  applied  to  the  ends  of  a  circuit,  the  reading 
will  give  the  virtual  volts  under  all  circumstances,  and  if 
there  be  no  reactance  present,  this  reading  will  also  repre- 
sent the  effective  volts. 

Current  necessarily  implies  the  flow  of  electricity,  and  a 
virtual  current  is  that  indicated  when  a  reliable  ammeter 
is  put  in  circuit.  If  the  current  happens  to  be  in  phase 
with  the  pressure,  this  reading  will  also  give  what  may  be 
called  the  effective  current.  It  has  been  shown,  however 
(§§  46  and  47),  that  the  current  is  hardly  ever  in  phase 
or  step  with  the  pressure;  it  usually  lagging  in  phase, 
though  it  may  sometimes  lead  in  phase.  The  amount  of 
this  lag  or  lead  is  called  the  phase  difference  or  angle  of  lag 
or  lead,  as  the  case  may  be,  and  the  greater  this  is  the  less 
is  the  power  of  a  given  virtual  current  to  do  useful  work. 
That  proportion  of  the  current  which  can  do  useful  work 
may  be  called  the   effective  current.     When  there  is  no 
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phase  diflference,  the  effective  current  is  the  same  as  the 
virtual  current ;  but  as  the  angle  of  lag  or  lead  increases, 
so  does  the  value  of  the  effective  as  compared  with  the 
virtual  current  diminish. 

The  difference  between  virtual  and  effective  current  is 
further  referred  to  in  §  59. 

57.  Connection  between  Inductance,  Reactance, 
Impedance,  Impressed  Volts,  and  Virtual  Current. 
— We  have  seen  (§  48)  that  the  reactance  in  an 
alternating-current  circuit  depends  directly  upon  the 
inductance  and  inversely  upon  the  capacity.  In  a  circuit 
with  negligible  capacity,  if  L  be  the  inductance,  and  n  the 
frequency,  the  reactance  will  be  2'jTnL.^  The  term  L 
(inductance)  is  here  understood  to  include  both  self  and 
mutual  induction.     (Vide  footnote,  p.  129.) 

Reactance  or  spurious  resistance  is,  like  ohmic  resistance, 
independent  of  the  current ;  but  the  current  must  be  taken 
into  account  when  we  wish  to  find  the  volts  necessary  to 
overcome  these  resistances.  Thus  if  C  be  any  virtual 
current,  72  C  denotes  the  volts  necessary  to  force  it  through 
an  ohmic  resistance  E.  Similarly  '^.irnLC  will  be  the 
volts  necessary  to  force  the  same  current  through  an 
inductive  or  spurious  resistance  2  tt  7t  Z.  This  quantity 
2'nnLG  represents,  in  fact,  the  counter  E.M.F.  of  react- 
ance, or  the  reactive  drop  of  volts;  just  txs  BO  represents 
the  ohmic  drojp, 

^  This  formula  requires  an  application  of  the  differential  calcuhis 
for  its  proof,  so  we  will  therefore  take  it  for  granted,  tt  stands  for 
the  ratio  of  the  circumference  of  any  circle  to  its  diameter,  i.e. 
3'1416  (approximately).  L  is  usually  termed  the  co-efficient  of 
inductance. 
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Thus  for  example,  if  (7=60  amperes,  7i  =  80  ^  per  sec, 
and  i  =  -005  henry/  the  E.M.F.  of  reactance  will  be  2x 
3-1416  X  80  X  -005  x  60  =  151  volts. 

If,  as  already  stated,  the  reactive  drop  in  an  alternating- 
current  circuit  carrying  a  virtual  current  C  he  2,1:71  LC 
volts,  it  seems  to  follow  that  the  total  volts  necessary  to  be 
impressed  on  the  circuit  wijl  be  equal  to  the  sum  of  the 
volts  required  to  send  the  given  current  through  the  ohmic 
resistance,  and  the  volts  equal  to  the  opposed  volts  of  react- 
{ince  {i.e,  BC  +  2TrnL  G).  This,  however,  is  not  the 
case,  owing  to  the  fact  that  the  E.M.F.  of  reactance  is  not 
in  phase  (or  cophasal)  with  the  impressed  E.M.F. ;  that  is 
to  say,  the  wave  of  alternating  EiM.F.  of  reactance  does  not 
reach  its  maximuui  values  at  the  same  time  as  the  wave 
of  impressed  E.M.F.,  but  afterwards.  In  other  words,  the 
E.M.F.  of  reactance  lags  behind  the  impressed  E.M.F. 

The  impressed  or  virtual  volts  necessary  to  set  up  a 
current  of  C  virtual  amperes  in  a  circuit  of  known  ohmic 
resistance  B,  and  reactance  2TrnL,  may  be  found  as 
follows: — 

Draw  a  horizontal  line  A  B  (Fig.  77)  proportional  in 

length  to  the  volts 
{BC)  required  to 
send  the  current 
through  the  ohmic 
resistance  B  of  the 
circuit.      From    A 

draw  A  C  perpen- 

OHMIC  DROP  B  dicular     to     A  B, 

Fio.  77.-Impre«sed  Volts  and  Drop.  ^^^  proportional  in 

^  The  hevry  is  the  unit  of  inductance  (Chap.  IV.). 
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length  to  the  reactive  drop,  i.e.  to  2  irnLC,  Then  join  B  C. 
The  length  of  B  C  will  represent  the  required  value  of  im- 
pressed E.M.F. 

Now  GAB  is  a  right-angled  triangle,  of  which  OB  is 
the  hypotenuse,  i.  e,  the  side  opposite  the  right  angle.  In 
such,  the  square  of  the  hypotenuse  is  equal  to  the  sum  of 
the  squares  of  the  other  two  sides  (by  Euclid,  I.  47). 

Thus:— 

CB^:=  AO  +  AB^ 
and 

CB  =  sI'aW^aW 

That  is:— 


Impressed  or  virtual  volts  {E)=  J {R Of  +  {"^irn L Of 

=  0 sJ'B'  -r(27r ?rZj2"       (I.) 
Now  as  in  Ohm's  simple  law  : — 
E=  CB 


and 


-I 


we  may  write  : — 

(Virtual)  C  =  (I"^pressed  or  virtual)  E 

jE'  +  (2TTnLy  (II.) 

This  may  be  termed  the  Ohm's  law  for  alternating  cur- 
rents, J B^  +  {2  7rn Zy  being,  in  fact,  the  impedance  or 
'  virtual  resistance  "  in  the  circuit. 

In  words  the  above  may  be  written  thus  : — 

^7-.  .     1  .       Impressed  E.M.F. 

Virtual  current  =  — ^-= = 

Impedance. 
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If,  in  a  steady-current  circuit,  we  multiply  together  the 
current  and  the  resistance,  the  product  will  give  the  E.M.F. 
in  the  circuit :  or 

GxJi  =  JtI 

The  same  result  follows  in  an  alternating-current  circuit, 
for  multiplying  the  virtual  current  by  the  virtual  resistance 
(impedance)  will  give  us  the  impressed  or  virtual  E.M.F., 
^.  e.  : — 

(Virtual)  G  x   J I^  +  i^-nnLf  =  E  (impressed)  (III.) 

This  being  merely  the  foregoing  equation  (II.)  transposed. 

It  will  be  seen  (Fig.  77)  that   in  each  of  the   three 

quantities — impressed  volts,  reactive  drop,  and  ohmic  drop, 

the  quantity  G  (virtual  current)  occurs.    Obviously  G,  being 

a     common     factor, 

may   be   eliminated 

/y^  in   every   case,   and 

^      '^  the   quantities   will 

then  respectively  re- 
present   impedance, 
reactance,    and    re- 
RESISTANCE  ^B    sistance,   as    shown 

Fig.  78. — Resistance,  Reactance,  and  Impedance,    j^  Fiff.  78. 

Thus  :— 

Impedance^  =  resistance^  -|-  reactance*^ 

i,  e. : —  •  

Impedance  =  Vresistance^  -|-  reactance^. 

In  Figs.  77  and  78  it  will  be  noticed  that  the  length  of 
A  G,  and  therefore  also  the  angle  AB  G,  depends  upon  the 
reactive  drop ;  or,  with  a  given  current,  upon  the  reactance. 
ABGiBy  in  fact,  the  angle  of  phase. 
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58.   To     FIND     THE     NECESSARY    INDUCTANCE     FOR     A 

Choking  Coil. — Suppose  we  have  a  non-inductive  resist- 
ance, such  as  a  group  of  forty  'SS-ampere  glow-lamps  in 
parallel,  for  which  the  supply  pressure  is  too  high;  by 
means  of  an  adaptation  of  the  diagram  in  Fig.  77  we  may 
find  out  the  reactance  and  inductance  which  a  choking 
coil  must  have  in  order  to  reduce  the  supply  pressure  to 
that  required  by  the  q 
lamps,  when  it  is 
put  in  series  with 
them.  In  Fig.  79, 
which  should  be 
compared  with  Fig. 
77,  we  take  the  side 
GB  to  represent  the 
supply  pressure,  or 
in  other  words  the 
volts  impressed  on 
the  circuit.  Then  ^^  is  the  P.D.  required  at  the  lamp 
terminals,  otherwise  the  ohmic  drop,  while  A  0  stands  for 
the  P.D.  at  the  choking  coil  terminals,  i.  e.  the  reactive 
drop,  assuming  that  the  ohmic  resistance  of  the  choker  is 
negligible.    We  thus  get  the  following  relation : — 

Supply  pressure  2  =  (Lamps  P.D.)^  +  (Choker  V.D.f. 

If  the  supply  pressure  is  240  volts  at  60  ^,  and  the 
lamps  are  200  volt  ones,  and  the  choker  P.D.  required  is 
called  X, 


A  P  D.  ACROSS  LAMPS  B 

Fio.  79. — Supply  Pressure  and  P.D. 


We  have : — 


i,e. 


2402  =      2002  +  x^ 
x^  =      2402  -  2002 
^  =  J  2402  -  2002 
=      133  volts. 
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The  circuit  may  be  diagrammatically  represented  as  in 
Fig.  80,  L  being  the  group  of  lamps  and  G  the  choking 
coiJ.  The  reader  will  probably  be  puzzled  to  find  that  the 
choking  coil  P.D.  is  greater  than,  instead  of  being  equal 
to,  the  difference  between  the  circuit  pressure  and  that 
required  by  the  lamps.  This  is  owing  to  the  fact  that  the 
choking  P.D.  lags  behind  the  other.  The  case  we  have 
taken  is  a  simple  one  only,  where  the  load  (i.  e.  the  lamps) 
has  no  inductance,  and  where  the  choker  is  assumed  to 
have  little  or  no  resistance.     Generally,  however,  the  load, 


240  V.- 


6()«Xr 


200V.-->k- —  133  /. 

Fig.  80.— Choking  Coil  Circuit. 


as  with  arc  lamps,  has  considerable  inductance,  and  the 
resistance  of  the  choker  cannot  always  be  neglected,  so 
that  the  calculation  is  less  simple.  However,  to  proceed 
with  the  example,  having  found  that  the  necessary 
choking  P.D.  is  133  volts,  the  question  now  is  to  find 
what  inductance  the  coil  must  have. 

The  current  required  by  the  lamps  is  1 4  amperes.  The 
reactive  drop  in  the  choker  will  then  be  made  up  as 
follows : — 

133  =  21:^.10 
-  2  77 60X14 
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133 
Thus  its  inductance  L=    -        ^^       , , 

2  TT  X  60  X  14 

=  '025  lienry. 

59.  Power  in  Alternating-Current  Circuits. — The 
power  in  a  direct-current  circuit  is  obtained  by  simply 
multiplying  together  the  pressure  and  the  current,  or — 
presuming  the  circuit  has  no  back  E.M.F.  in  it — the  square 
of  the  current  and  the  resistance ;  the  product  in  either  case 
representing  watts  (Chap.  //.). 

It  might  be  thought  that  by  taking  the  product  of  the 
virtual  volts  and  virtual  amperes  in  a  circuit  we  should 
obtain  the  actual  power  developed.  Such  would  be  true 
in  a  sense,  but  the  product  would  represent  useful  pmver 
only  when  the  current  was  in  phase  with  the  E.M.F.,  the 
product  in  question  being  in  all  cases  the  apparent  power 
or  apparent  %oatts.  The  phase  diflference  or  angle  of  lag  or 
lead  (§  66)  has  to  be  taken  into  account,  and  the  greater 
this  is  the  less  is  the  power  actually  being  developed  in  a 
circuit  with  a  given  virtual  pressure  arid  current.  In  fact, 
if  the  phase  difiference  is  very  great,  i.  e,  if  there  is  a  large 
amount  of  either  inductance  or  capacity  in  a  circuit  of 
comparatively  low  resistance,  we  may  have  what  is  known 
as  a  nearly  wattless  current,  the  true  pmver  or  effective 
watts  being  far  less  than  the  apparent  poioer  or  virtual 
watts. 

The  idea  of  a  "  wattless  current "  is  difficult  to  grasp. 
If  there  be  any  current  at  all,  it  is  not  easy  to  understand 
why  it  cannot  do  some  useful  work.  But  when  it  is  re- 
membered that  a  flow  of  electricity — as  of  water — must 
have  pressure  behind  it  to  enable  it  to  do  work,  and  when 
we  are  dealing  with  alternating  pressure  and  flow,  and  can 
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conceive  that  they  may  be  more  or  less  out  of  step  with 
each  other,  comprehension  becomes  fairly  simple. 

The  following  analogy  affords  a  rough  but  useful  explan- 
ation. Let  PP  (Fig.  81) 
represent  a  pipe  filled 
with  water  (or  a  con- 
ductor forming  a  closed 
circuit),  and  Wy  W^,  W^, 
and  W^  water-wheels  to 
which  an  alternating 
movement  may  be  given 
by  means  of  the  handles 
A,  hy  hy  h.  These  water- 
wheels  are  to  be  regarded 
as  alternators.  Let  W  W 
be  a  fifth  water-wheel, 
to  which  a  reciprocating 
motion  is  imparted  by  the  to-and-fro  movement  of  the 
water  in  the  pipe.  The  motion  of  water  in  the  lower  part 
of  the  pipe-circuit  may  be  considered  as  analogous  to  the 
eflfective  current,  and  the  consequent  movement  given  to 
W  W  the  effective  power. 

We  will  first  consider  a  case  where  there  is  no  phase 
difiference — that  is,  when  the  water-motive  force  of  W  acts 
directly  in  line  with  the  circuit,  as  indicated  by  the  dotted 
line.  Here  the  virtual  E.M-F.  of  W  may  be  said  to  repre- 
sent also  the  eflfective  E.M.F,,  and  the  virtual  current  or 
motion  given  to  the  water  by  fT  to  equal  the  eflfective 
current  operating  W  W,  Then  the  apparent  or  virtual 
watts*(i.  e.  virtual  E.M.F.  x  virtual  current)  will  also  repre- 
sent the  true  or  eflfective  watts  (power  given  to  W  W\ 


Fig.  81.— Wattless  Current. 
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To  illustrate  the  eflfect  of  a  small  phase  diflference,  we 
will  next  consider  the  water-wheel  as  placed  slightly  skew 
with  the  circuit,  as  at  W^ ;  the  angle  of  lag  (or  lead)  being 
represented  by  the  angle  a  between  the  two  lines.  Suppos- 
ing the  frequency  and  virtual  E.M.F.  of  JVi  to  be  the  same 
as  in  the  first  case  (W)y  the  virtual  current  or  actual 
movement  of  electricity  (water)  immediately  about  Wi  will 
also  be  the  same ;  but  as  part  of  the  pressure  will  be  use- 
lessly employed  in  driving  the  water  against  the  sides  of 
the  pipe,  the  repelling  eflfect  of  which  may  be  looked  upon 
as  analogous  to  the  counter  E.M.F.  of  reactance,  the 
eflfective  pressure  and  also  the  eflfective  current  about 
W  W  (the  product  of  which  is  the  eflfective  or  true  power) 
will  be  less.  The  backwash  from  the  sides  of  the  pipe  is 
thus  analogous  to  wattless  current. 

If  there  be  a  still  greater  phase  diflference,  as  at  W^y 
though  the  virtual  E.M.F.,  virtual  current,  and  therefore 
also  the  virtual  power,  be  the  same  as  in  the  first  case  (  W), 
the  eflfective  power  will  be  still  further  lessened. 

If  the  phase  diflference  be  90**,  as  at  W^y  where  the 
water-wheel  is  placed  at  right  angles  with  its  most  eflfective 
position ;  we  may  suppose  that  the  current  will  be  per- 
fectly wattless,  i.e.  that  there  will  be  no  useful  power 
developed,  and  consequently  no  movement  of  W  IF. 

The  above  explanation  is  rather  weak,  but  is  perhaps 
better  than  none  at  all;  for  the  reader  must  get  some 
idea,  however  vague,  that  a  more  or  less  "  wattless  current " 
can  exist. 

A  virtual  current  is  the  actual  flow  of  electricity  as 
measured  at  the  terminals  of  a  circuit,  and,  depending  on 
the  conditions  of  the  latter,  a  certain  proportion  will  be 
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available  for  useful  work  (effective  current),  while  the 
remaiuder  is  ineflfective.  It  must  be  borne  in  mind  that 
a  wattless  current  is  only  wattless  so  far  as  its  power  of 
doing  useful  work  is  concerned.  A  current,  whether 
"  wattless "  or  not,  will  develop  a  proportionate  amount 
of  heat  in,  or  a  proportionate  magnetic  field  around  those 
parts  of  the  circuit  in  which  it  happens  to  be  flowing. 

The  "  wattless  current*'  is  objectionable  in  central-station 
work  for  two  reasons :  firstly,  because  it  loads  up  the  arm-  ^ 
atures  of  the  alternators,  causing  heating  and  reducing  the 
useful  load  that  may  be  put  upon  each  ;  because  the  power 
developed  with  a  given  E.M.F.  is  limited  by  the  maximum 
current  the  conductors  in  the  armature  coils  can  carry. 
Secondly,  owing  to  the  watts  lost  in  the  cables  and  con- 
ductors through  which  the  "wattless  current"  flows. 
Although  the  current  is  .wattless  so  far  as  any  use  that 
may  be  made  of  it  is  concerned,  there  still  remains  the 
loss  of  power  due  to  ohmic  resistance,  the  fall  of  pressure 
in  a  cable  carrying  a  given  current  depending  solely  on 
the  resistance,  taking  into  account,  of  course,  the  reduction 
in  useful  area  due  to  conductor  impedance  (§  53). 

Thus  :— 

Pressure  drop  =  resistance  x  current 
and  watts  lost  in  conductors  =  pressure  drop  x  current, 

the  "current''  being  that  measured  on  an  ammeter  con- 
nected to  the  cable  in  question,  and  therefore  the  virtual 
current. 

In  addition  to  the  foregoing  matters,  a  lag  (or  lead) 
in  phase  of  the  current  sets  up  a  troublesome  reaction 
between  the  field -magnets  and  the  armature-coils,  tending 
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to  weaken  the  former,  and  this  necessitates  an  increase  in 
the  exciting  current  if  the  impressed  virtual  E.M.F.  is  to 
be  maintained. 

60.  Power  in  Alternating-Current  Circuits  (cont), 
— The  formula  for  the  power  in  an  alternating-current 
circuit  is  as  follows  : — 

(True  or  Effective)  P  W^  =  ii^'  C'^  cos  A 

where  F  W  stands  for  power  (in  watts),  E^  for  virtual 
electro-motive  force,  G^  for  virtual  current,  and  A  for  the 
angle  of  lag  or  lead.^ 

On  reference  to  the  table  of  cosines  in  Chap.  /F.,  it  will 
be  seen  that  for  an  angle  of  no  degrees  the  cosine  value 
is  unity,  or  1.  Thus,  in  the  formula  above,  if  the  current 
and  pressure  are  in  phase — i.  e.  if  there  is  no  phase  differ- 
ence (angle  of  lag  or  lead) — the  true  or  efifective  watts 
may  be  obtained  by  simply  multiplying  together  the  virtual 
volts  and  virtual  amperes,  as  mentioned  in  the  preceding 
paragraph. 

Tims  :— 

True  or  effective  watts  =  E""  x  C""  x  cos  0° 
=  E'  X  6'^  X  1 
=  J5^  X  (7^ 

As   the   phase  difference   increases,  the   cosine  values 

1  X  =  Greek  1  {lamhda\  used  for  lag  or  lead  values.  Cos  X  signifies 
the  cosine  of  any  angle  X.  The  cosine  of  angle  a  (Fig.  61),  for  in- 
stance, is  the  ratio  of  the  adjacent  side  BE  to  the  hypotenuse  BD^  or 

^.  The  cosine  value  of  any  angle  may  be  obtained  direct  from 
JbJJ 

tables,  such  as  that  in  Chap.  VI. 
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decrease  below  unity;  thus  cos  10**  =  '985,008  30°  =  '866, 
cos  80"  =  '173,  cos  90**  =  '000;  and  the  true  watts  become 
proportionately  less  than  the  apparent  watts.  Thus,  sup- 
posing the  phase  difference  A  =  60°,  the  true  watts  will 
only  be  half  the  apparent  watts,  for  cos  60°  =  '5.  It  will 
thus  be  seen  how  important  it  is  to  keep  the  phase  diflfer- 
ence  as  low  as  possible. 

In  practice,  A  cannot  be  worked  out  directly  with  any 
degree  of  accuracy,  for  it  varies  with  every  variation  in 
the  conditions  of  the  circuit,  and  also  with  the  frequency. 
It  can,  of  course,  be  calculated  for  any  given  case,  but  it  is 
not  a  fixed  or  constant  quantity.  The  true  watts  may 
be  ascertained  by  means  of  a  non-inductive  wattmeter 
(Chap.  VIL), 

The  apparent  or  virtual  watts  put  into  a  circuit  feeding 
arc  lamps,  motors,  or  other  inductive  apparatus  through 
transformers,  as  calculated  from  the  indications  of  a  volt- 
meter and  ammeter  at  the  station  end,  may  be  greatly  in 
excess  of  the  actual  power  conveyed  to  the  lamps,  etc.,  i.  e, 
these  indications  may  give  the  idea  that  a  far  larger 
number  of  consuming  devices  are  in  circuit  than  is  actually 
the  case,  owing  to  the  excessive  reactance  in  the  trans- 
former circuit. 

The  following  record  of  actual  observations  furnishes  an 
instructive  example.  The  virtual  current  passing  into  and 
out  from  an  alternator  was  44  amperes,  and  the  pressure 
2050  volta.  The  exciting  current  for  a  corresponding 
non-inductive  load  would  have  been  between  50  and  55 
amperes,  at  about  80  volts ;  but  this  had  to  be  increased 
to  from  75  to  80  amperes  in  order  to  maintain  the  2050 
volts  pressure  at  the  alternator  terminals.     By  tests  made 
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with  a  wattmeter,  which   measures   true   power,  it   was 
found  that  the  latter  was  only  56,000  watts. 
Thus  :— 

Apparent  watts  =    2,050  X  44 
=x  90,200 
and  True  watts  =  56,000 

Consequently  the  ratio  between   the  true  and  apparent 
watts,  which  is  termed  the  power  fadar^wsis  in  this  case 

90,200  ""  ^^• 

To  keep  this  power  factor  as  near  unity  as  possible  is 
thus  one  of  the  chief  problems  in  alternating-current 
distribution. 

When  transformers  are  feeding  non-inductive  circuits, 
such  as  glow  Jam  ps,  the  reactance  due  to  the  former  is  less 
than  when  they  are  principally  supplying  arc  lamps  or 
motors,  and  is  diminished  as  the  non-inductive  load  is 
increased. 

It  is  here  that  the  question  of  the  introduction  of 
capacity  (in  the  shape  of  condensers)  to  reduce  the  lag 
crops  up;  but,  though  most  engineers  are  familiar  with 
the  theory  of  their  application,  it  is  as  yet  a  moot  point  as 
to  whether  the  cost  and  upkeep  of  the  condensers,  as  well 
as  the  power  lost  in  them,  would  not  exceed  in  value 
the  saving  of  power  eflected  by  their  use  (§  33).  The  loss 
of  power  in  a  condenser  is  principally  due  to  a  phenomenon 
known  as  dielectric  hysteresiSy  which  is  somewhat  analogous 
to  magnetic  hysteresis,  and  which  was  partly  explained 
in  §  40.  The  rapidly  alternating  charges  in  a  condenser 
connected  up  in  an  alternating-current  circuit  may  be  said 
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to  cause  alternating  polarization  of  the  dielectric,  and  con- 
sequent heating  and  loss  of  energy. 

On  the  other  hand,  if  the  phase  diflference  is  due  to 
excessive  capacity  in  the  circuit,  the  introduction  of 
inductaace  will  neutralize  it. 

61.  Polyphase  Currents. — The  kind  of  alternating 
current  so  far  dealt  with  in  this  chapter  is  that  known 
as  the  single-phase  or  monophase  current.  There  are  other 
kinds  of  alternating  current  called  polyphase  currents,  which 


Fig.  82. — Two-phase  Current. 

may  be  compared  roughly  with  two  (diphase),  three  (iri- 
phase),  or  more  simple  alternating  currents  set  up  in  distinct 
circuits,  and  lagging  one  behind  the  other.  Such  currents 
are  specially  adapted  for  power  distribution  by  means  of 
large  motor  generators,  and  for  ordinary  motive-power 
work. 

As  is  explained  in  the  next  chapter,  a  2-phase 
alternator  is  wound  with  two  distinct  sets  of  coils,  which 
are  connected  up  to  two  distinct  circuits.  These  circuits 
lead  the  currents  to  two  sets  of  coils  on  the  motors,  and 
produce  therein  what  is  known  as  a  rotating  magnetic 
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field.  Three-phase  alternators  and  motors  are  wound  with 
three  sets  of  coils,  and  the  currents  set  up  circulate  in  as 
many  circuits  (§§  65,  139,  etc.). 

In  Fig.  82,  A  and  B  represent  the  two  citcuit  wires 
carrying  the  2-phase  currents,  the  latter  being  indicated 
by  the  sine  waves.  From  this  it  will  be  seen  that  the 
second  current  is  a  quarter  of  a  period  or  90°  behind 
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Fio.  83. — Three-phaae  Current. 


the  first.  Thus  when  the  first  or  *  A'  current  reaches  its 
maximum  in  one  direction,  the  second  or  *  B '  current  is 
just  starting ;  and  when  the  former  reaches  its  maximum 
in  the  other  direction  the  latter  is  just  reversing,  and  so 
on.  In  other  words,  when  either  of  the  currents  is  at 
the  top  of  its  wave,  the  other  is  just  reversing.  Fig.  83 
represents  a  3-phase  circuit,  the  three  currents  A,  By  and 
G  being  one-third  of  a  period  or  120^  apart  in  phase. 
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The  two  wires  A  and  B  in  Fig.  82,  and  the  three  wires 
A,  B,  and  C  in  Fig.  83,  are  those  which  lead  the  currents 
from  the  generator  to  the  motors,  etc.,  transformers  being 
sometimes  interposed.  Besides  these,  eitj^er  one  or  two 
return  conductors  are  necflsssary  with  2-pbase,  and  some- 
times one  with  S-phase  systems. 

Apart  from  the  merits  of  polyphase  motors,  which  are 
alluded  to  in  §  135,  the  great  advantage  of  th6  3-phase 
system  lies  in  the  fact  that  the  total  weight  of  copper 
required  for  the  transmission  of  a  given  amount  of  power 
is  one-fourth  of  that  which  would  be  necessary  were  single- 
phase  working  adopted.  Two-phase  working  is  rather  less 
satisfactory  than  3-phase. 

The  advantaged  of  polyphase  currents  are  being  more 
fully  appreciated  by  engineers  in  this  country  every  day, 
and  their  use  is  rapidly  extending. 


CHAPTER  XI.— QUESTIONS. 

In  answemfig  these  questions,  give  sketches  wherever  possible. 

*i.  Explain  simply  and  briefly  why  the  "  curve  "  (Fig.  31)  does  not 
represent  a  real  alternating  current. 

2.  Contrast  the  effects  of  capacity  in  a  direct  and  alternating-cur- 
rent circuit  respectively. 

3.  Show  how  you  would  illustrate  the  eflTect  of  inductance  and 
capacity  in  an  alternating-current  circuit  by  mechanical  means. 

4.  Think  out  some  experiment  different  from  those  described  in 
§  38,  to  illustrate  the  effect  of  inductance  in  cutting-down  an 
alternating  current. 

5.  Why  is  it  bad  suddenly  to  make  or  break  a  circuit  having  great 
inductance  ? 
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*6.  The  resistance  of  the  primary  of  a  transformer  is  only  a  few 
ohms.  Why  is  it  that  an  alternating  E.M.F.  does  not  send  a  very 
large  current  through  such  a  low  resistance  ? 

7.  What  is  a  choking  coil  ?  Why  will  it  not  choke  a  steady  con- 
tinuous current  ?    [Ord.  1896.] 

*8.  Name  some  of  the  uses  of  choking  coils,  and  sketch  an  arrange- 
ment of  the  kind. 

9.  What  are  the  relative  advantages  of  choking  coils  and  resist- 
ances for  ** dimming **  glow-lamps  in  an  alternating-current  circuit? 

10.  Define  the  terms  —  conductance,  resistance,  reluctance,  in- 
ductance, reactance,  and  impedance. 

*11.  How  could  you  tell  which  of  the  following  were  in  a  room  in- 
accessible to  you,  if  wires  therefrom  were  led  to  you  ?— (a)  a  resist- 
ance, (6)  a  primary  battery,  (c)  a  secondary  battery,  or  (d)  a  choking 
coil. 

12.  Explain  what  is  meant  by  the  statement  that  in  an  inductive 
circuit  an  alternate  current  is  out  of  phase  or  step  with  the  E.M.F. 
[Ord.  1896.] 

*13.  State  Ohnrs  law  and  say  whether  it  applies  accurately  to 
varying  or  alternating  currents  as  well  as  to  steady  currents.  If  not, 
why  not?    [Prel.  1902.] 

14.  If  a  solenoid  has  a  resistance  of  R  ohms,  and  you  send  a  con- 
tinuous current  of  C  amperes  through  it  under  a  pressure  of  E  volts, 
show  that  the  product  of  volts  and  amperes  equals  the  product  of  the 
square  of  the  current  multiplied  into  the  resistance.  Explain  why 
this  relation  does  not  hold  good  for  alternating  currents.  [Ord. 
1892.] 

15.  Why  should  alternate  current  mains  be  either  concentric  or 
laid  close  together  in  the  same  channel  ?  Has  any  such  precaution 
to  be  adopted  with  mains  carrying  a  rectified  alternate  current  ? 
[Ord.  1897.] 

16.  Calculate  the  number  of  (alternating)  volts  needed  to  drive. an 
alternating  current  of  10  (virtual)  amperes  through  a  choking  coil 
having  a  coefficient  of  self-induction  of  ^  henry,  the  frequency 
being  taken  at  80  periods  per  second.    [Ord.  1896.] 

17.  A  choking  coil  is  required  for  an  arc  lamp,  run  from  a  100- volt 
50-frequency  circuit,  and  taking  15  amperes  at  35  volts.    How  would 
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you  construct  such  a  coil,  and  for  what  pressure  between  its  terminals 
should  the  coil  be  designed  ?    [Ord.  1902.] 

18.  What  is  meant  by  impedance?  If  the  self-induction  of  a 
circuit  be  0*1  henry,  and  its  resistance  10  ohms,  at  what  frequency 
will  an  increase  of  1  per  cent,  be  more  importunt  than  a  diminution 
of  50  per  cent,  in  the  resistance  ?  Prove  that,  when  very  high 
frequency  alternating  currents  are  employed,  the  self-induction  of 
even  a  straight  piece  of  wire  is  more  important  than  its  resistance. 
[Ord.  1900.] 

19.  An  alternator,  consisting  of  an  armature  with  ten  coils  and  a 
field-magnet  with  ten  pairs  of  poles  (a  N.  pole  on  one  side  of  the  field 
facing  a  S.  pole  on  the  other),  is  running  at  1000  revolutions  per 
minute.  If  the  potential. difference  between  the  armature  terminals 
is  100  volts,  and  the  outsids  circuit  consists  of  a  solenoid  having  a 
resistance  of  5  ohms  and  an  inductance  of  0  0 1  henry,  what  is  the 
current  ?    [Ord.  1898.] 


CHAPTER  XIT. 

The  figures  refer  to  the  numbered  paragraphs. 

Alternators,  62.  Classification  of  Alternators,  63.  Monophase  Al- 
ternators, 64i  Two-  and  Three-Phase  Alternators,  66.  Classifi- 
cation of  Alternators  (cont),  66.  Classification  of  Alternators 
(c(mt.\  67.  Classification  of  Alternators  (cont,),  68.  The  Ferranti 
"  Copper-type  "  Alternator,  69.  The  Ferranti  "  Iron -type  "  Alter- 
nator, 70.  The  Mordey- Victoria  Alternator,  71.  The  Brush  In- 
ductor Alternator,  72.  The  Johnson  and  Phillips  Alternator,  73. 
The  Parsons  Turbo- Alternator,  74.  The  Mather  and  Piatt  Alter- 
nator, 75.  Other  Alternators,  76.  E.M.F.  of  Alternators,  77.  Syn- 
chronizing of  Alternators,  78.  Double-current  Generators,  79. 
Types  of  Double-current  Generator,  79a.     Questions,  page  222. 

Chapter,  paragraph^  atid  fi^gure  numbers  in  italics  refer  to  Vol*  I. 
{5th  Ed.)  ;  and  those  in  heavy  type  to  "  Electric  Wiring,  Fittings, 
Stvitches,  and  Lamps"  {3rd  Ed.). 

*62.  Alternators. — An  alternator  or  alternating-cito'' 
rent  generator  or  alternating-current  dynamo  is  a  machine 
which  furnishes  an  alternating  current.  An  elementary 
alternator  and  its  action  were  described  both  in  Chap. 
VIII.  and  in  §  42.  Practical  alternators  have,  in  most 
cases,  multipolar  fields  cohq posed  of  10,  20,  30,  40,  or  more 
poles.  One  exception  to  this  is  the  Parsons  alternator 
(§  74),  which  is  a  4-pole  machine. 

*63.  Classification  of  Alternators. — ^According  to 
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the  kind  of  current  they  give  out,  alternators  are  of  three 
principal   classes:    viz.  those  which  generate  ordinary  or 
monophase  alternating  currents,  and  those  which  generate 
diphase  or  triphase  currents  respectively  (§  60). 
This  classification  may  be  set  forth  thus  : — 

(i.)    Uniphase  or  monophase 

or  single-phase. 
Alternators,   (ii.)  Diphase  or  two'phase.^ 

(iii.)  Triphase    or     three-  VPolyphase. 

phase.  J 

We  may  term  an  alternator  a  uniphasevy  diphaser, 
triphaseVy  ox  polypUaser,  according  to  its  type ;  and  the  three 
first  terms  might  be  otherwise  written  : — pliaser,  2-phascry 
'S-phaseVy  the  former  name  being  a  suggestion  of  the 
writer  s.  As  will  be  explained  presently  (§  65),  the  essential 
difference  between  these  three  kinds  of  generator  lies  in 
the  winding  of  the  armature  only ;  the  form  of  the 
machine,  and  the  arrangement  of  the  field-magnet,  being 
practically  the  same  in  all  three  cases. 

♦64.  Monophase  Alternators. — The  action  of  the 
ordinary  multipolar  monophaser  may  be  fairly  well  grasped 
from  Fig.  84.  Here  C^  Cg,  C,  G  represent  the  armature- 
coils,  and  A^p  S,  H,  S  the  field-poles ;  the  former  being  fixed 
and  the  latter  rotating,  though  the  reverse  is  often  the 
case.  The  coils  are  placed  end  on  to  the  poles  in  the 
figure,  so  that  their  connection  together  may  be  clearly 
seen.  In  such  a  machine  the  number  of  armature-coils 
and  field-poles  is  generally  equal.  (7,  C  are  either  joined 
all  in  series,  and  the  two  ends  connected  to  terminals 
as  at  1\  T;  or  they  may  be  joined- up  in  two,  three,  or 
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more  sets  in  parallel.  For  instance,  if  T,  T  be  connected 
together  to  form  one  terminal,  and  a  second  connection  be 
made  at  T\  the  coils  being  thereby  aiTanged  in  two  parallel 
sets,  the  E.M.F.  of  the  machine  will  be  reduced  to  one-half, 
while  its  current  will  be  doubled.  In  fact,  were  it  neces- 
sary, the  armature-coils  of  an  alternator  might  be  treated 
as  the  cells  of 
a  battery,  and 
arranged  in 
any  parallel- 
series  combin- 
ation to  suit 
requirements. 
Other  things 
being  equal, 
the  greater 
the  number  of 
coils  in  series 
the  greater 
the  E.M.F.  of 
the  machine. 
When  the 
armature  ro- 
tates, collector-rings  take  the  place  of  the  terminals. 

It  will  be  clear  that  the  currents  induced  in  those  coils 
opposite  N.  poles  will  be  in  the  reverse  direction  to  those 
induced  in  the  coils  facing  S.  poles ;  so  that  it  is  necessary 
for  the  coils  to  be  connected  togetjier  alternately  right- 
handedly  and  left-handedly  (as  indicated  in  the  figure), 
in  order  that  the  currents  being  induced  in  them  at  any 
given  instant  may  all  unite  and  flow  the  same  way. 


Fig.  84. — Connections  of  a  Single-phase  Alternator. 
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As  the  field-poles  move  on  in  the  direction  shown  by 
the  curved  arrow,  the  coils  now  facing  N.  poles  will  have 
S.  poles  in  front  of  them,  and  vice  versd,  the  current 
in  all  of  them  being  reversed  simultaneously.  Thus 
as  the  poles  move  round  in  front  of  the  coils,  a  mono- 
phase alternating  current,  similar  to  that  described  in 
§  42,  will  be  delivered  to  the  external  circuit.  The  direct 
current  (exciting  current)  for  the  revolving  field  magnet 
is  led  in  through  the  brushes  B,  B,  and  contact  or  slip-rings 
-B,  R.  The  number  of  complete  reversals  of  the  current 
during  one  revolution  of  the  machine,  will  be  equal  to  the 
number  of  pairs  of  poles  (or  in  other  words  to  half  the 
number  of  poles)  on  the  field-magnet.  Thus  in  Fig.  84, 
while  N^  is  in  front  of  Cj  the  current  will  be  in  one 
direction,  and  will  reverse  when  Ni  comes  opposite  C^, 
Thus  while  N^  is  passing  these  two  coils  the  current 
makes  one  complete  period. 

The  frequency  of  an  alternator  is  thus  equal  to  half 
the  number  of  magnet-poles  multiplied  by  the  number 
of  revolutions  per  second  (§  44).  As  mentioned  in  §  43, 
the  frequencies  of  alternators  in  English  generating  sta- 
tions vary  from  about  25  to  100^. 

The  explanation  of  the  induction  of  currents  in  the 
armature-coils  when  the  field-poles  pass  in  front  of  them 
will  be  found  in  Chap.  IV, 

♦65.  Two-  AND  Three-phase  Alternators. — In  a  2- 
phaser  there  are,  generally,  twice  as  many  armature-coils 
as  field-poles;  the  former  being  arranged  in  two  distinct 
sets  or  circuits,  and  placed  alternately  round  ihe  frame. 
This  is  represented  in  Fig.  85,  showing  half  the  ring  of 
armature-coils   and   field-poles,   where   A^  A,  A,   etc.  are 
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the  coils  which  are  connected   together  in   one  set,  and 


Fig.  85. — Connections  of  a  Two-phase  Alternator. 


Fio.  S6.—  Connections  of  a  Three-phase  Alternator. 

B,  B,  By  etc.  those  of  the  other  set,  all  the  coils  being  of  the 
same  size.     Now  as  the  F.M.  rotates  in  the  direction  shown 
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by  the  arrow,  it  will  be  obvious  that  the  currents  in  A,  A,  A 
will  be  induced  a  little  before  those  in  B,B,B,  so  that 
although  the  alternating  current  in  A  circuit  will  be  of  the 
same  pressure  and  frequency  as  that  in  B  circuit,  the  two 
will  not  be  in  step.    . 

As  explained  in  §  42,  an  ordinary  or  single-phase  cur- 
rent may  be  represented  by  a  wavy  line  of  the  form  given 
in  Fig.  59.  Similarly  Fig.  82  denotes  a  diphase  current, 
the  first  or  A  current  being  a  quarter  of  a  period  or  90° 
in  advance  of  the  B  current. 

Fig.  86  gives  a  diagram  of  the  arrangement  of  the  coils 
and  poles  of  a  triphaser,  there  being  in  this  case  three  sets 
of  armature- coils,  A^AyAy  B,  B,  B,  and  C,  C,  C.  Here  the 
currents  in  A,  A,  A  will  be  a  little  in  advance  of  those  in 
ByB,B,  and  the  latter  a  little  in  advance  of  those  in 
C,  Cy  G.  In  fact,  each  current  will  be  120°  or  one-third  of 
a  period  in  advance  of  the  other,  as  depicted  in  Fig.  83. 

The  differences  between  single-,  two-  and  three-phase 
windings  are  further  illustrated  in  Fig.  86a. 

Here,  at  I,  s,s,  s,  etc.  are  the  slots  in  which  the  winding 
is  laid,  while  11,  2  2,  3  3,  and  4  4  may  be  looked 
upon  as  four  separate  coils,  each  with  one  turn  only 
in  order  that  the  figure  may  not  be  too  complicated. 
jST,  jST,  K  are  the  conductors  connecting  neighbouring 
coils,  and  N,  S,  JV,  S  are  the  field-poles,  the  winding  of  the 
latter  being  omitted.  A  2-phase  winding  is  given  at  II, 
the  coils  of  the  two  phases  being  marked  respectively 
A  and  B,  Similarly  at  III,  A,  By  and  C  are  3-phase 
windings. 

Figs.  .91,  92,  and  93  also  illustrate  the  three  different 
windings,  the  armature-core  being  there  viewed  from  the 
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face,  that  iS  in  the  direction  in  which  the  magnetic  lines 
from  the  field-poles  enter  and  leave  it. 


Fig.  86a.— Single-,  Two-  and  Three-phase  Windings. 

The  currents  from  a  2-phaser  or  3-phaser  are  delivered 
into  separate  cables,  anent  which  something  is  said  in  §  198. 


174  MLECTRiG  LIGHTING,  ETC.  [chap.  ill. 

*66.  Classification  of  Alternators  {c6nL),—^As  re- 
gards their  field-magnets  and  armatures,  alternators  are 
divisible  into  three  classes,  any  of  which  may  be  mono- 
phase or  polyphase. 

(a,)  Those  with  fixed  F.M.  coils  and  rotating  armature- 
coils. 

(6.)  Those  with  fixed  armature-coils  and  rotating  F.M. 
coils. 

(c.)  Those  in  which  both  armature  and  F.M.  coils  are 
fixed,  the  moving  portion  carrying  the  whole  or  part  of  the 
F.M.  core.     Such  are  termed  inductor  altemcUars, 

The  terms  rotor  and  dator,  originally  used  to  designate 
the  moving  and  fixed  parts  respectively  of  polyphase 
motors,  are  now  frequently  employed  in  connection  with 
all  classes  of  generators  and  motors. 

Examples  of  class  a  are  the  Ferranti  "copper-type," 
Mordey- Victoria,  and  Parsons  Turbo  machines.  The  Fer- 
ranti "iron-type,"  Johnson  and  Phillips,  and  Mather  and 
Piatt  alternators  belong  to  class  h,  and  the  Brush  In- 
ductor machine  to  class  c.  The  latter  type  may  possibly 
gain  in  favoiw,  as  obviously  it  is  a  great  mechanical  advan- 
tage to  have  both  F.M.  and  armature-windings  stationary, 
and  a  great  electrical  one  to  be  able  to  do  away  altogether 
with  collectors  or  slip-rings. 

There  is  necessarily  a  high  P.D.  between  the  two 
collector-rings  or  slip-rings  through  which  the  brushes 
collect  the  current  from  the  armature  of  a  Uniphase 
machine  of  class  a ;  and  in  order  to  lessen  the  danger  thexe- 
from,  in  some  machines  they  are  placed  at  opposite  sides 
of  the  armature,  so  that  it  is  impossible  for  a  man  to  touch 
both  at  once.     In  class  h  there  is  the  advantage  that  the 
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ends  of  the  armature  are  simply  joined  to  fixed  terminals, 
which  can  be  easily  shielded.  In  this  case  the  two  slip- 
rings  which  lead  the  current  into  and  out  from  the  field- 
windings  are  at  such  a  low  potential  that  there  is  com- 
paratively little  danger  from  shocks.  With  inductor 
machines  there  is  the  obvious  advantage  that  there  are  no 
rings  or  brushes  whatever  to  trouble  about.  Since  in 
2-  and  3-phase  generators  there  are  respectively  two  and 
three  distinct  sets  of  coils,  such  generally  have  fixed 
armatures,  many  structural  difficulties  being  thereby 
avoided. 

*67.  Classification  of  Alternators  (cmt.). — Alter- 
nators may  also  be  classified  with  reference  to  the  form 
and  disposition  of  their  armature- coils. 

{A .)  A  face-coil  slotted  ai^mcUure  is  one  in  which  each  coil 
is  placed  with  its  plane  at  right  angles  with  the  direction 
of  rotation  of  the  alternator;  or,  in  other  words,  with 
its  side  facing  towards  or  away  from  the  centre  of  the 
shaft,  according  as  it  is  on  the  fixed  or  moving  part ; 
the  conductor  being  embedded  in  slots  cut  in  the  iron 
core. 

(B.)  A  face-coil  tunnel  aQ^mature  is  similar  to  the  above, 
except  that  the  conductor  is  threaded  through  holes  in 
the  core-plates  formed  like  slots  with  very  narrow  open- 
ings.    Such  slots  are  shown  at  B  in  Fig.  179. 

(C)  In  2l  face-coil  pole. ar matter e  the  coils  are  wound  on 
bobbins  which  fit  over  radial  projections  on  the  core. 

(I),)  A  radial-coil  armature  has  flattened  coils  fixed 
edgewise  to  the  rotating  part  or  fixed  frame,  as  the  case 
may  be;  the  ribbon-shaped  conductor  being  wound  on  a 
non- magnetic  frame  or  core.     Such  armatures  are  often 
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termed  coreless  to  distinguish  them  from  those  in  which 
the  coils  have  iron  cores. 

{E,)  A  drum  armature  is  very  similar  to  that  of  a  direct- 
current  machine,  and  may  be  either  slot  or  tunnel  wound. 

Any  of  the  above  types,  except  the  last,  may  be  either 
fixed  or  movable,  and  all  are  adaptable  to  polyphase  work. 

The  Ferranti  "  iron-type,"  Johneon  and  Phillips,  Brush 
Inductor,  and  Mather  and  Piatt  machines  belong  to  class 
A,  The  Ferranti  "copper-type"  and  Mordey- Victoria 
generators  are  examples  of  class  D\  and  Parsons  Turbo- 
generator represents  class  E,  There  are  no  examples  here 
of  classes  B  or  G. 

*68.  Classification  of  Alternators  {cont^, — Accord- 
ing to  the  method  of  excitation  of  their  F.&ls.,  alternators 
are  divisible  into  four  classes,  as  follows  : — 

(a.)  Separately-excited  alternators, — In  which  the  F.Ms, 
are  excited  by  a  separate  direcrt-current  machine,  which  is 
called  the  exciter ;  or  from  a  battery. 

(/3.)  Separate-coil  alternators, — In  which  separate  coils 
on  the  armature  furnishrthe  magnetizing  currents,  which 
currents,  being  alternating,  have  to  be  "  rectified  "  or  made 
continuous  by  means  of  a  special  commutator* 

(y.)  Compensated  or  compoiiruled  alternators. — In  which 
the  F.Ms,  are  excited  partly  by  "  rectified"  currents  from 
separate  armature  coils  (as  in  )8),  or  from  a  direct-current 
exciter ;  and  partly  by  currents  from  a  small  transformer, 
the  primary  coil  of  which  is  in  the  main  circuit;  the 
transformer  currents  having  likewise  to  be  "  rectified  "  or 
com  mutated. 

(8.)  Magneto  alternators, — In  which  permanent  magnets 
are  used  as  field-mao[nets. 
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With  the  exception  of  the  old-fashioned  Ue  Meritens 
alternators  still  used  in  France  in  lighthouse  work,  the  last 
class  is  now  practically  obsolete,  so  far  as  electricity  distri- 
bution is  concerned  :  but  very  small  machines  of  this  type 
are  used  for  signalling,  blasting,  testing  and  medical  work, 
and  are  known  as  magneto  machines  (Chap.  V,),  Nearly 
all  present-day  alternators  come  under  class  a,  exaa^nples 
of  classes  )3  and  y  being  comparatively  rare,  and  confined 
to  American  and  foreign  makers. 

In  the  following  paragraphs  various  representative  types 
of  alternator  are  described.  Tt  should  be  remembered, 
however,  that  nearly  every  firm  has  at  different  times  con- 
structed machines  varying  very  much  in  general  arrange- 
ment and  appearance.  As  far  as  possible  those  illus- 
trated herein  represent  the  latest  developments  of  their 
respective  makes. 

69.  The  Ferranti  "Copper-type"  Alternator. — 
The  Ferranti  alternators  are  made  in  two  forms ; — (a)  with 
stationary  field  and  revolving  armature,  this  being  called 
by  the  makers  the  "  cojpper  type  "  ;  and  (6)  with  stationary 
armature  and  revolving  field,  termed  the  "  iron  type,^* 
These  names  are  intended  to  signify  that  the  armature 
of  the  former  is  a  coreless  one,  i.  e,  without  any  iron ; 
while  in  the  latter  case  the  coils  have  cores  of  laminated 
iron. 

Fig.  87  illustrates  the  armature,  and  Fig.  89  the  field- 
frame  of  the  copper-type  generator;  though,  by  the  way, 
the  parts  illustrated  do  not  belong  to  one  and  the  same 
machine.  The  method  of  construction  of  the  armature, 
about  to  be  described,  is  such  that  these  machines  can 
only  be   built  for  single-phase  work.      The  armature  in 
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Fig.  87  is  one  for  a  500  kw.  2100-volt  machine,  and  it 


Fig.  87. — Armature  of  Ferranti  "  Copper-type  "  Alternator. 

has  40  coils  or  bobbins.     It   belongs  to  the  vertical-coil 
class  mentioned   in    §  67.      The   bobbins   are  formed  of 
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copper  strip  wound  on  laminated  brass  cores,  the  begin- 
ning of  the  winding  of  each  being  connected  to  the  base 
of  its  core,  and  the  other  end  taken  to  an  insulated 
terminal  shown  at  the  bottom  of  the  bobbin-carriers. 
The  turns  on  the  bobbins  are  insulated  from  one  another 
with  specially-prepared  paper. 

The  bobbins  are  bolted  in  pairs  between  two  brass  plates 
called  bobbin-carriers,  and  they  are  insulated  from  the 
same  by  mica  shields  or  sheets,  except  where  the  rivets 
pass  through  the  bobbin-core  and  carrier  to  fix  the  same 
together,  and  also  to  form  electrical  connection  between 
the  two  bobbins  mounted  in  the  same  pair  of  carriers. 
Each  pair  of  carriers  supporting  its  pair  of  bobbins  is  fixed 
on  to  the  fly-wheel  by  means  of  bolts  and  nuts  fitting  into 
lugs  on  the  outside  edge  of  each  carrier.  The  bolts  are 
covered  with  a  sheathing  of  ebonite,  this  and  other  pre- 
cautions being  taken  to  insulate  the  carriers  from  the  rim 
of  the  driving-wheel. 

The  insulated  terminals  of  adjacent  bobbins  mounted 
in  diflferent  pairs  of  carriers  are  connected  together  with 
copper  links,  nuts,  and  bolts.  Each  pair  of  carriers  thus 
forms  an  easily-removable  unit  of  the  alternator.  Th^se 
connectors  are  omitted  from  Fig.  87,  but  are  shown  at  (7,  G, 
etc.,  in  Fig.  88. 

The  whole  armature  is  divided  into  two  parallel  circuits, 
and  the  common  terminals  of  the  two  parallel  circuits  are 
connected  to  two  collector-rings  by  copper  rods  insulated 
with  ebonite.  One  of  these  rods  may  be  seen  at  R  in 
Fig.  87,  but  the  collector-rings  are  not  visible. 

When  the  system  is  working  with  one  of  the  poles 
earthed   (as  is  the   most  usual  case),  one  collector-ring 
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only  is  necessary,  for  the  high  tension  pole ;  the  other  end 
of  the  armature  circuit  being  connected  directly  to  the 
fly-wheel,  and  the  current  taken  through  brushes  pressing 


Fig.  88.— Armature  Connections  of  Ferranti  '*  Copper-type  "  Alternator. 

on  the  shaft  or  boss  of  the  wheel.  In  Fig.  88  a  diagram  of 
the  armature  and  its  connections  is  given,  the  path  of  the 
current  round  the  coils,  across  the  bobbin-carriers,  and 
down  to  the  collector-rings,  at  a  given   moment,  being 
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shown  by  arrows.     Here  JB,  B  are  the  bobbins,  BC,  BC 


Fig.  89. — Field-frame  of  Ferranti  "  Copper-type  "  Alternator. 

the  bobbin-carriers,  C,  C  the  links  connecting  the  insulated 
terminals,  and  GBy  G  B  the  collector  or  slip-rings. 
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The  field-frame  shown  in  Fig.  89  is  that  of  a  650  kw. 
10,000-volt  machine,  and  has  40  pairs  of  poles  erected  in 
two  circular  frames.  The  latter  have  elbows  cast  on  each 
side,  these  being  supported  by  girder  bed-plates.  The  air 
gap  between  the  opposite  pole  faces  may  be  adjusted  by 
screw  gear,  shown  at  S,  S,  this  moving  the  two  frames  apart 
or  together.  The  same  gear  is  used  to  open  the  frames 
widely  apart  for  cleaning  purposes.  This  gear  consists 
of  two. horizontal  shafts  S,S,  with  right-  and  left-handed 
screw-tlireads  cut  on  them,  the  two  threads  engaging 
respectively  with  the  opposite  halves  of  the  magnet  frame. 
Thus  when  the  shafts  are  turned  simultaneously,  the  two 
halves  of  the  frame  are  brought  together  or  moved  apart 
as  the  case  may  be.  Before  this  can  be  done,  however, 
the  bolts  By  B,  B,  etc.  must  of  course  be  removed.  Each 
of  the  magnet-coils  is  composed  of  a  single  layer  of  copper 
strip  or  tape,  wound  on  edge,  the  winding  being  well  insu- 
lated turn  from  turn,  as  well  as  from  the  steel  pole  core 
and  frame,  with  pressspahn.^  The  coils  in  each  frame  are 
connected  in  series,  the  ends  of  the  two  circuits  being 
brought  to  terminal  boxes;  and  these  two  circuits  or  rings 
are  connected  either  in  series  or  parallel,  as  is  most  suit- 
able, to  the  source  of  excitation.  The  poles  are  alter- 
nately N.  and  S.  round  each  ring,  and  facing  poles  are  of 
opposite  polarity.  To  prevent  sparking  from  the  arma- 
ture bobbins  to  the  metal  of  the  pole  faces,  as  they 
travel  between  the  latter,  these  faces  are  capped  all  over 
with  mica. 

Fig.  90  gives  a  general  view  of  an  alternator  of  this  type 
coupled  to  a  compound  engine.  Immediately  in  front  of 
»  See  p.  134. 
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the  figure  is  the  exciter,  which  is  a  Parker  machine  similar 
to  that  illustrated  and  described  in  Chap.  /X,  and  which 
is  rope-driven  from  a  pulley  by  the  side  of  the  armature. 


Fio.  90.— Ferranti  "  Copper-fcype  "  Alternator. 


The  screw  gear  for  moving  the  two  halves  of  the  magnet 
frame  can  also  be  seen. 

*70.  The  Ferranti  "  Iron-type  "  Alternator. — The 
armature-core  of  the  iron-type  machine  consists  of  a  ring 
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of  sheet-iron  [stampings  bolted  to  the  inside  surface  of  a 


Fig.  91. — Sijgle-pbi.se  Wiadiug. 


Fig.  92. — Two-phase  wiuding. 


f       r. 


Fig.  93.— Three-phase  Winding. 

circular  cast-iron  frame,  the  latter  having  elbows  cast  on  it 
for  supporting  the  whole  from  the  bed-plates. 
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The  ring  of  stampings  is  built  up  of  short  lengths,  with 
slots  punched  in  the  inner  edge;  the  stampings  being 
lapped  one  over  the  other,  with  shellaced  paper  between, 
and  the  whole  baked  together.  At  intervals  in  the  width 
of  the  armature  face,  by  means  of  suitable  distance  pieces, 
ventilating  gaps  are  left;  this  construction  being  some- 
what similar  to  that  shown  in  Fig.  95.  When  the  core  is 
built  up,  the  slots  therein  are  carefully  insulated,  and  the 
former-wound  coils  afterwards  placed  in  position.  The 
different  coils  round  the  machine  are  all  connected  in 
series,  well-insulated  terminals  being  provided  in  a  suitable 
position. 

For  2-  or  3 -phase  work  other  coils  are  introduced, 
these  being  bent  where  necessary  to  miss  the  .first  series, 
and  thus  other  circuits  are  formed  round  the  machine, 
each  circuit  being  separate,  and  having  its  own  terminals. 
Figs.  91,  92  and  93  represent  portions  of  the  slotted  core 
flattened  out,  with  the  windings  shown  diagrammatically. 
Fig.  91  depicts  three  coils  of  a  single-phase  winding,  a 
certain  number  of  slots  being  left  vacant.  It  should  be 
remembered,  by  the  way,  that  in  this  and  the  other  cas^ 
(Figs.  92  and  93)  there  are  a  number  of  turns  in  es^Yi 
slot,  the  number  depending  on  the  voltage  required. 
Fig.  92  illustrates  a  2 -phase  winding,  the  coils  of  one 
phase  being  shown  in  firm  lines,  and  those  of  the  other 
phase  in  dotted  lines.  A  3-phase  winding  is  depicted 
in  Fig.  93,  the  three  sets  of  coils  being  differently 
lined.  There  are,  however,  a  number  of  other  ways  of 
arranging  these  windings.  The  area  of  the  rotating 
pole-pieces  is  shown  in  each  figure  at  P,  and  the 
relative  directions  of  the  induced  E.M.Fs.  by  arrow-heads. 
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In    Fig.    91    the   lamination   of  a   few   of  the   teeth   is 
indicated. 


Fig.  94. — Feiranti  *•  Iron-type  "  Alternator. 

The  field  of  the  iron-type  machine  consists  of  a  series 
of  steel  poles  mounted  radially  on  the  rim  of  the  fly- 
wheel.    Around  each   pole   lies  a  field-coil,  which   is  of 
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copper  strip  wound  edgewise,  each  turn  being  separated 
from  the  next  with  pressspahn,  and  the  whole  well  insulated 


Fio.  95. — Section  of  New  Ferranti  '•  Iroii-type  '  Alternator. 

from  pole  and  wheel.  The  field-coils  are  connected  in 
series,  and,  by  means  of  copper  rods  passing  through 
insulating  sleeves  in  the  rim  of  the  wheel,  they  are  joined 
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up  to  two  collector-rings,  which  are  connected  through 
brushes  to  the  exciter. 

Fig.  94  shows  the  present  form  of  iron-type  machine, 
coupled  to  a  compound  engine.  As  will  be  noticed,  the 
particular  machine  illustrated  is  wound  for  2-phase  work, 
the  ends  of  the  coils  being  very  prominent.  Behind  the 
left-hand  crank-case  of  the  engine  is  the  exciter,  this 
being  rope-driven  from  a  pulley  at  the  side  of  the  field- 
magnets. 

The  arrangement  of  the  armature  core  and  coils,  as 
already  described,  may  be  understood  from  Fig.  95,  which 
gives  a  section  of  the  very  latest  pattern  of  iron-type 
alternator,  this  being  somewhat  different  from  that  in 
Fig.  94,  especially  as  regards  the  fixed  outer  frame  sup- 
porting the  core  and  coils.  Here  F  is  the  outer  cast-iron 
ring  or  frame,  the  sides  of  which,  S,  S,  form  shields  for  the 
ends  of  the  armature  windings  AW,  AW.  Thus  in  this 
new  type  the  ends  of  the  coils  do  not  show  outside  as  in 
Fig.  94.  The  laminated  iron  core  IG  is  separated  by  dis- 
tance pieces  I),  I)  to  form  ventilating  passages,  and  is 
bolted  in  sections  between  end  plates  E,  E^  which  in  their 
turn  are  bolted  at  each  side  to  F.  R  is  the  rim  of  the 
driving-wheel,  one  of  the  magnet  cores  G,  with  its  winding 
W,  and  pole-piece  P  being  shown  bolted  thereto. 

71.  The  Mordey- Victoria  Alternator. — In  this  alter- 
nator, which  is  made  by  the  Brush  Electrical  Engineering 
Co.,  the  F.M.  rotates  and  the  armature  is  stationary,  the 
latter  being  of  the  radial  coil  type.  Fig.  96  illustrates 
the  design  of  the  ordinary- sized  machines. 

Over  the  centre  of  the  shaft  (Fig.  98),  and  keyed  to  it, 
is  a  short  cylinder  of  iron  round  which  is  wound  the  single 
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exciting  or  F.M.  coil  of  the  machine.  This  cylinder  con- 
sequently forms  the  core  of  the  F.M.  At  each  end  of  this 
core   is   attached   a   large   casting,  carrying   claw-shaped 


Fig.  96.— Mordey-Victoria  Alternator. 

pole-pieces  which  bend  over  and  almost  enclose  the  coil. 
The  claw  pole-pieces  on  one  side  come  opposite  those  on 
the  other,  sufficient  space  being  left  between  for  the 
passage   of  the   armature-coils.      All   the   poles   on   one 
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side  are  N.,  and  all  those  on  the  other  side  S.  Fig.  98 
illustrates  the  earlier  form  of  F.M.  In  more  recent 
designs,  as  in  Fig.  96,  the  claws  on  each  side  are  united 
by  a  thin  external  web,  so  as  to  prevent  churning  of  the 
air.     For  this  same  reason,  the  spaces  between  the  spokes 

of  the  rotors 
of  many  large 
alternators  are 
cased  in  with 
wood. 

The  number 
of  claws  or  pole- 
pieces  depend 
upon  the  speed 
and  frequency 
of  the  machine. 
Thus  some  large 
machines  have 
had  as  many  as 
sixty  pairs  of 
pole-pieces.  In 
these  Is^rger 
machines  the 
general  shape 
of  the  F.M.  is 
different  from  that  illustrated  in  Fig.  98,  but  the  principle 
is  the  same.  The  ends  of  the  F.M.  coil  are  connected 
with  insulated  rings  on  the  shaft  (Fig.  98),  through 
which,  by  means  of  brushes,  connection  is  made  with  the 
exciter,  the  armature  of  which  is  often  fitted  on  an  exten- 
sion of  the  shaft  (Fig.  99).     It  will  be  seen  that  this 


Fig.  97. — Mordey-Victoria  Alternator  (Armature 
Frame). 
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^haft  runs  in  a  grooved  bearing,  collars  being  turned  on 
one  end  of  it  to  prevent  end-play,  or  longitudinal  move- 
ment in  the  bearings,  as  the  clearance  between  the  faces 
of  the  pole-pieces  and  armature-coils  is  necessarily  very 
small. 

The  arrangement  of  the  armature  is  shown  in  Fisf.  97. 


Fig.  98.— Mordey- Victoria  Alternator  (Field  Magnet). 

The  coils  are  of  thin  copper  ribbon  wound  on  cores  of 
porcelain  or  enamelled  slate,  the  different  turns  being 
separated  by  insulating  tape.  Each  coil  is  fixed  in  a 
German  silver  bracket  cased  in  ebonite,  German  silver 
being  used  on  account  of  its  high  resistance,  the  tendency 
of  eddy  currents  to  be  set  up  in  the  brackets  by  the 
revolving  fields  being  thereby  diminished,    These  brackets 
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are  securely  bolted  to  the  outer  frame,  and  they  carry  the 
terminals  through  which  the  coils  are  connected  with  one 


Fig.  99. — Mordey- Victoria  Alternator  (Part  Section). 

another.  At  the  sides  of  the  armature  frame  are  square 
terminal  boxes,  through  which  connection  is  made  with 
the  armature.     The  figure  shows  the  armature-coijs  all  iri 
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series,  and  the  ends  terminate  in  the  right-hand  terminal 
box,  the  left-hand  one  being  unused.  If  the  two  halves 
of  the  armature  were  joined  in  parallel,  as  is  sometimes 
done,  both  terminal  boxes  would  be  employed. 

The  output  of  the  machine  shown  is  75,000  watts,  the 
maximum  virtual  E.M.F.  2000  volts,  and  the  speed  500 
rev.  per  minute ;  its  height  being  about  five  feet.  These 
alternators  are  made  in  sizes  varying  from  12  to  300  kw., 
and  in  the  larger  sizes  the  exciters  are  separate. 

Fig.  99  gives  a  side  view  of  one  of  the  latest  forms  of 
Mordey-Victoria  alternator.  Here  it  will  be  observed  that 
the  top  half  of  the  frame  is  in  two  portions,  each  of 
which  is  hinged  so  that  it  can  be  raised  to  enable  the  coils 
to  be  got  at.  The  two  parts  of  the  bottom  half  of  the 
frame  are  similarly  hinged  as  at  H,  A  portion  of  the  field- 
magnet  is  given  in  section,  showing  the  exciting  coil  E,  and 
pole-faces  S,  S,  S,  iV,  N,  iV,  etc.  are  the  outsides  of  the  poles 
on  the  near  side  of  the  magnet  frame.  The  coils  G,  0,  G 
are  rather  narrower  and  longer  than  those  in  Fig.  97,  and 
the  connectors  between  them  are  not  shown,  but  their 
position  is  indicated  by  the  dotted  lines  B,  By  B,  etc. 
Face  and  edge  views  of  a  coil  are  given  in  Fig.  100.  Here 
G  is  the  outer  cast-iron  fiame,  to  which  is  bolted  the  brass 
flange-ring  B,  which  supports  the  German  silver  coil- 
biacket  G,  to  which  the  coil  itself  is  clamped  between 
ebonite  insulating  pieces  U.K  P  is  the  porcelain  coil 
core,  and  W,  W,  W  the  winding,  the  ends  of  which  are 
joined  up  to  the  connectors  at  J,  J.  This  winding,  which 
is  better  shown  in  Fig.  97,  consists  of  copper  strip  taped 
and  varnished,  the  outer  edge  at  0,  0,  0  being  faced  with 
mica,  so  that   the  sides  of  adjacent  coils  shall   be  well 
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insulated  one  from  another.     The  whole  is  bound  to  the 
core  by  varnished  string  V,  V,  V, 

The  output  of  the  particular  machine  illustrated  in 
Fig.  99  is  95  amperes  at  2100  volts  (about  200  kw.),  the 
speed  being  353  r.p.ra. 


Fia.  100. — Mordey- Victoria  Alternator  (Armature  Coil). 

72.  The  Brush  Inductor  Alternator.  —  This 
machine,  as  its  name  indicates,  belongs  to  the  inductor 
class,  both  the  armature  and  field-windings  being  station- 
ary. It  is  suitable  for  much  larger  outputs  than  the 
Mordey- Victoria  alternator  built  by  the  same  makers,  and, 
unlike   the   latter,  can   be   easily  wound  for  any  phase. 
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The    external    appearance    of    this    generator    may     be 
gathered  from  Fig.   101. 

The  armature  is  of  the  face-coil  slotted  type,  the  coils 


Fig.  101. — Brush  Inductor  Alternator. 

being  laid  in  slots  cut  in  tlie  laminated  iron  lining  of  the 
fixed  cast-iron  frame.  There  are  two  circles  of  these  coils, 
and  between  them  is  fixed  the  F.M.  winding,  the  F.M. 
core  being  the  only  part  that  rotates.  The  F.M.  as  a 
whole  may   be   likened   to  that   of  the  Mordey- Victoria 
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generator,  with  the  difference  that  the  poles  stick  out 
radially  instead  of  turning  in  to  face  one  another,  and 
that  the  core  slips  round  within  its  exciting  coil,  the  latter 
being  fixed.  This  rotating  core  is  of  cast-steel,  the  tips  of 
the  poles  being  faced  with  laminated  soft  iron.  A  side 
view  of  this  machine,  one  half  being  in  section,  is  given 
in  Fig.  102.  Here  F,  F  is  the  cast-iron  outer  frame,  with 
ventilating  holes  F,  F  therein.  The  slotted  iron  core  is 
secured  to  this  frame  by  the  bolts  B,B,B  ;  and  S,  S,  S  are 
the  slots  in  which  the  armature-coils  are  laid,  the  latter 
being  absent.  P,  P,  P  are  the  rotating  pole-tips,  and 
W,  W  is  the  fixed  field-winding,  this  being  clamped  in 
supports  at  (7,  C,  G, 

The  construction  of  the  machine,  as  regards  the  disposi- 
tion of  the  armature  and  field- windings,  is  more  clearly 
shown  in  Fig.  103.  P,  F  is  the  cast-iron  frame,  V  one  of 
the  ventilating  holes  therein,  and  Z,  L  the  two  laminated 
slotted  rings  in  which  the  armature-coils  are  placed, 
E,  E,  E,  E  representing  ends  of  the  coil  windings.  F\  F' 
is  the  fixed  field-coil,  which  is  wound  in  two  portions, 
these  being  clamped  together  to  a  supporting  ring  by 
means  of  the  clamps  C,  G,  R  is  the  rotating  wheel  carry- 
ing the  laminated  inductor  poles  /,  /,  and  V  is  a  venti- 
lating channel.  B  is  one  of  the  bearings  of  the  n^achine, 
and  a  front  view  of  half  of  the  same  may  be  seen  at  F  in 
Fig.  102.     The  other  bearing  is  not  shown. 

The  output  of  this  particular  alternator,  wound  2-phase, 
is  375  kw.  at  2200  volts,  the  speed  being  200  r.p.m. 

This  type  of  machine  is  specially  suitable  for  2-phase 
work,  the  two  sets  of  coils  being  mounted  on  the  two  dis- 
tinct armature  core  rings.     For  single-phase  work  the  two 
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windings,  which  must  then  be  in  line  with  each  other, 
would  be  connected  either  in  series  or  in  parallel,  as  found 
most  convenient  for  the  purpose  required.     For  3-phase 


Vln_ ab^ 


JQX        M 


■iPl 


fft\^ 


9 


Fig.  103.— Brush  Inductor  Alternator  (Section). 

work  two  of  the  windings  would  be  on  separate  sides  of 
the  machine,  while  the  third  would  be  partly  on  one  side 
and  partly  on  the  other. 

73.  The  Johnson  and  Phillips  Alternator. — Like 
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most  other  firms,  Messrs.  Johnson  and  Phillips  have  built 
various  forms  of  alternator  at  one  time  and  another;  one 
pattern  having  an  armature  like  that  in  Fig.  104,  but  with 


Fig.  104.— Johnson  and  Phillips  Alternator. 

a  field-magnet  similar  to  that  of  the  Mordey- Victoria 
machine,  except  that  the  poles  stick  out  radially  instead 
of  facing  each  other. 

The  machine  illustrated  in  Fig.  104  is  the  latest  pattern 
by  these  makers.     It  happens  to  have  a  2-phase  winding, 
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but  it  is,  of  course,  easily  adapted  for  either  single  or  3-phase 
work.  It  has  a  fixed  slotted  face-coil  armature  with 
removable  coils ;  and  a  rotating  field-magnet  with  radial 
poles,  each  of  which  carries  its  own  exciting  bobbin. 

The  armature-core  consists  of  a  large  number  of  slotted 
segmental  plates  of  charcoal  iron  threaded  on  to  bolts 
passing  through  and  secured  in  the  strong  cast-iron  circular 
shell  or  outer  frame :  and  the  armature- winding:  is  embedded 
in  slots  round  the  interior  circumference  of  the  core. 
The  conductors  consist  of  wire  or  bars  of  copper  (accord- 


FiG.  105. — Johnson  and  Phillips  Alternator  (Section  of  Armature-core 
and  Winding). 

ing  to  the  number  of  turns  required),  braided  on  the 
exterior;  the  slots  being  lined  with  micanite  before  the 
coils  are  placed  in  position.  The  ends  of  the  armature- 
winding  are  taken  into  insulated  terminal  boxes,  mounted 
on  the  front  of  the  machine,  as  seen  in  the  figure.  In 
Fig.  105  is  shown  a  portion  of  the  core  and  a  section  of  the 
windings.  The  conductors  (7,  of  which,  in  this  case,  there 
are  three  in  each  slot,  are  insulated  from  the  latter  by 
micanite  tubes  M,  M,  the  windings  being  held  in  position 
by  wooden  wedges  JVy  W  driven  down  the  front  of  each 
slot,  which  is  specially  shaped  to  receive  them. 
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The  field-magnet  consists  of  a  heavy  fly-wheel  to  which 
bolted  cast-steel  magnet  cores  carrying  bobbins 
arranged  alternately  N.  and  S.  The  current  for  exciting 
the  field-winding  is  conveyed  by  a  double  set  of  brushes 


Fig.  106.— Johnson  and  Phillips  Alternator. 

resting  on  insulated  contact-rings  carried  on  a  cast-iron 
frame  keyed  to  the  shaft.  This  arrangement  may  be  seen 
in  the  front  of  Fig.  104,  and  the  conductors  leading  the 
exciting  current  thence  to  the  ends  of  the  field-coil  circuit 
will  also  be  noticed. 

Fig.  106  is  an  illustration  of  a  single-phase  machine  of 
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the  same  type,  but  slightly  diflferent  construction.  This  is 
coupled  to  a  medium-speed  engine,  the  exciter  being  driven 
by  means  of  a  rope  pulley  on  the  end  of  the  alternator 
shaft.  The  two  conductors  connecting  the  field-coils  with 
the  contact-  or  slip-rings  may  be  seen  on  one  of  the  spokes 
of  the  wheel,  the  field-bobbins  being  joined-up  in  series. 

When  the  ends  of  the  armature- winding  are  exposed,  it 
is  possible  to  tell  at  a  glance,  as  in  Figs.  104  and  106, 
whether  an  alternator  is  single-phase  or  polyphase. 

One  of  the  early  forms  of  Johnson  and  Phillips  machine 
(designed  by  Kapp)  had  a  ring  armature.  In  this  the  coils 
were  wound  round  the  flattened  periphery  of  a  fly-wheel 
which  rotated  between  double  sets  of  poles  something 
like  those  in  Fig.  89,  but  wider  apart.  This  type  of 
alternator  armature  is  practically  obsolete  now. 

74.  The  Parsons  Turbo-Alternator. — Messrs.  C.  A. 
Parsons  &  Co.,  of  Newcastle,  are  the  manufacturers  of  a 
peculiar  type  of  high-speed  engine  known  as  the  steam 
turbine.  As  its  name  indicates,  the  principle  is  the  same 
as  that  of  the  turbine  water-wheel.  There  are,  in  reality, 
a  number  of  turbines  fixed  to  the  same  shaft,  the  steam 
passing  through  them  one  after  the  other,  and  causing 
the  shaft  to  revolve  at  a  very  high  rate  of  speed.  These 
steam  turbines  are  connected  direct,  by  means  of  a  flexible 
coupling,  to  either  a  direct-current  dynamo  or  an  alter- 
nator ;  the  first  combination  being  generally  known  as  a 
turbo-dyTiamOy  and  the  latter  as  a  turbo-alternator.  The 
term  turbo-generator  refers  to  either  class.  It  is  with  the 
turbo-alternator  that  we  are  here  concerned. 

These  are  made  in  various  sizes,  having  outputs  of  from 
50  to  2000  kw. ;  and  are  wound  for  either  single-,  two-,  or 
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three-phase  currents.  The  smaller  sizes  have  a  2-pole 
field,  and  the  larger  a  4-pole  field ;  the  exciting  current 
being  furnished  either  by  a  small  2-pole  dynamo  mounted 
at  one  end  of  the  shaft,  as  in  Figs.  108  and  109,  or  from 
a  separate  source. 

Fig.  107  illustrates  a  3-phase  turbo-alternator  of  1500 
kw.  capacity  at  6000  volts ;  and  some  idea  of  its  size  may 
be  gathered  from  the  following  data : — length,  35  feet ; 
width,  9  feet ;  height,  8  feet  6  inches ;  w^eight,  64  tons. 
Fig.  108  is  a  300  kw.  single-phase  machine,  and  Fig.  109 
an  older  form  of  about  the  same  output. 

A  section  through  a  350  kw.  alternator  F.M.  and  arma- 
ture is  given  in  Fig.  110,  the  same  arrangement  being 
common  to  all  except  the  smaller  sizes,  which,  as  already 
mentioned,  have  a  2-pole  field.  Here  it  will  be  noticed 
that  the  field-coils  do  not  closely  embrace  the  cores;  this 
being  so  in  order  to  promote  ventilation,  and  thus  keep 
down  the  heating  of  both  coils  and  cores,  the  latter  being 
due  to  the  generation  of  eddy  currents  therein.  The 
F.M.  cores  are  of  laminated  wrought-iron,  and  each  has  its 
respective  portion  of  framework  or  yoke-piece  cast  on  to 
it.  The  coil  frames  are  bolted  to  the  framework  by  means 
of  the  bolts.  By  B,  etc.  The  armature-core  consists  of  a 
number  of  soft  iron  disks  threaded  on  and  securely  fixed 
to  the  shaft.  Round  the  circumference  a  number  of  holes 
are  punched,  through  some  of  which  are  threaded  the 
armature  conductors;  other  and  larger  holes  nearer  the 
shaft  serving  for  the  ventilation  of  the  core.  In  this 
particular  size  the  armature-core  is  18  inches  in  diameter, 
and  has  60  holes  round  its  periphery,  40  of  which  carry 
the  conductors. 
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The  armature  is  thus  virtually  of  the  drum  type,  and  in 
spite  of  its  having  only  two  coils,  the  great  speed  (gener- 
ally 3000  revolutions  per  minute)  is  sufficient  to  generate 
an  E.M.F.  of  1000  volts  in  this  individual  case.     Calling 
one  coil  a  and  the  other  6,  a  a'  are  what  may  be  termed  the 
top  and  bottom  turns  of  one  coil,  and  h  V  the  turns  of  the 
other  coil,  each  having 
ten  turns.   The  two  coils 
are  joined  in  series,  and 
their    free    ends    con- 
nected with  two  collec- 
tor-rings, each  of  which 
has  four  brushes  press- 
ing on   it,  two   at  one 
side   and    two   at    the 
other.    From  an  inspec- 
tion of  Fig.  110  it  must 
be     evident    that    the 
E.M.F.  rises,  falls,  and 
reverses  simultaneously 
in   both    coils,   and    is 
always  in  the  same  re- 
lative direction  in  both 
at  any  given  moment.     As  the  coils  rotate  in  a  4-pole 
field,  the  E.M.F.  changes  in  direction  four  times  in  every 
revolution,  or  makes  two  complete  reversals  per  revolution. 
The  frequency  is  thus  twice  the  number  of  revolutions,  and 
in  the  present  case  is  2  x  3000  or  6000  per  minute,  i,  e. 
100>^per  second.     The  very  small  2-pole  machines  run 
up   to   10,000   revolutions  per  minute,  according  to  the 
pressure  and  frequency  required. 


Fig.  110.— Turbo- Alternator  (Section). 
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The  steam  from  the  boilers  enters  the  engine  through 
the  hand-valve  seen  at  the  left  of  Fig.  109;  and  a  second 
valve,  working  automatically,  admits  the  steam  to  the 
turbines  in  a  series  of  gusts,  this  valve  opening  once  every 
fifteen  revolutions.  The  duration  of  each  gust  is  controlled 
either  by  a  centrifugal  governor  driven  from  worm  and 
wheel  gearing,  or  by  an  electro-magnetic  regulator  fixed  to 
a  bracket  on  the  top  of  the  alternator  framework.  This 
regulator  has  two  coils,  shunt  and  series,  which  tend  to  suck 
an  armature  either  up  or  down,  the  latter  being  fixed  at  the 
end  of  a  long  lever  connected  with  the  above-mentioned 
valve.  This  lever,  according  to  its  position,  lengthens 
or  shortens  the  duration  of  each  gust  of  steam  ad- 
mitted to  the  turbines.  The  shunt  or  bottom  coil  of  the 
regulator  is  connected  as  a  shunt  to  the  F.M.  winding, 
or,  what  is  virtually  the  same  thing,  to  the  terminals  of  the 
exciter :  and  as  the  pressure  of  the  latter  varies  as  the  speed 
of  the  machine  as  a  whole,  the  current  passing  through 
the  shunt  regulator-coil  will  likewise  vary.  If  the  pressure 
rises,  the  shunt-coil  pulls  on  the  core  and  tends  to  decrease 
the  speed.  The  series  regulator-coil  carries  the  main 
alternating  current,  and  has  a  laminated  core  to  prevent 
heating.  The  pull  of  this  coil  increasing  with  the  load, 
admits  more  steam  to  the  turbine,  and  so  increases  the 
speed  and  maintains  the  pressure.  At  full  load  the  gusts 
of  steam  become  blended  into  an  almost  continuous  blast, 
the  valve  closing  only  momentarily,  or  not  at  all.  For 
modem  alternating  current  supply,  where  alternators  are 
required  to  run  in  parallel,  the  centrifugal  governor  is 
always  fitted. 

At  first  sight  a  machine  running  at  such  a  high  rate  of 
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speed  would  seem  to  be  at  a  disadvantage  with  ordinary 
types  revolving  at  much  lower  speeds,  on  account  of  the 
friction  at  the  bearings,  and  the  apparent  liability  of  the 
whole  to  shake  itself  to  pieces.  The  former  difficulty  is 
overcome  by  very  efficient  lubrication.  An  oil  pump  is 
worked  by  a  worm  gear,  and  supplies  oil  from  a  central 
reservoir  to  all  bearings  under  a  pressure  of  several  pounds 
per  square  inch,  the  oil  returning  by  gravity  to  the 
same  source  with  practically  no  waste.  Owing  to  the 
absence  of  crank  shafts  or  any  to-and-fro  (reciprocating) 
motions  in  the  engine,  there  is  extremely  little  vibration 
as  compared  with  ordinary  engines,  so  little  indeed  that 
the  machine  does  not  need  any  special  foundations,  but 
may  stand  on  any  ordinary  floor  with  a  packing  of 
wood  or  lead  underneath,  and  without  any  holding-down 
bolts.  The  construction  also  of  both  alternator  and 
exciter  armatures  is  well  adapted  to  a  high  rate  of  speed. 
In  addition  to  this  the  weight,  space  occupied,  and  steam 
consumed  for  a  given  output  are  said  to  be  much  less  than 
with  ordinary  types  of  engines  and  alternators. 

75.  The  Mather  and  Platt  Alternator. — Fig.  Ill 
shows  the  newest  form  of  this  make  of  generator,  this 
having  been  specially  designed  for  3-phase  work. 

The  construction  is  similar  to  that  of  the  Ferranti 
**  iron-type  *'  and  Johnson  and  Phillips  machines,  in  that 
there  is  a  fixed  face-coil  armature,  and  a  rotating  radial- 
pole  field  system.  The  latter  is  energized  by  the  four- 
pole  direct-current  machine  seen  at  the  front  end  of  the 
shaft;  the  field-magnets  of  this  being  supported  on  a 
pedestal  attached  to  the  base-plate.  The  rotor  is  un- 
usually massive,  so  as  to  act  as  a  fly-wheel  as  well ;  and 
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each  magnet  coil  is  readily  detachable  from  its  respective 
core. 

The  standard  sizes  of  these  machines  are  constructed  to 
work  at  from  300  to  6500  volts,  at  a  frequency  of  40  ^  : 
and  the  magnet  has  from  10  to  64  poles,  according  to  its 
size.     The  outputs  vary  from  85  to  5000  kw. 


Fig.  111. — Mather  and  Piatt  Alternator. 

76.  Other  Alternators. — It  is  of  course  impossible  tc 
describe  every  make  of  alternator,  those  dealt  with  having 
been  selected  at  random  as  being  representative  of  present- 
day  types.  As  regards  other  makers,  Crompton  &  Co.,  for 
instance,  build  two  forms  of  alternator,  one  with  a  rotating 
disk  armature,  something  like  that  of  the  Ferranti  machine- 
(Fig.  87),  and  another  with  a  rotating  magnet  similar  to 
that  of  the  Johnson  and  Phillips  machine  (§  73). 
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One  form  of  the  Siemens  alternator  lias  a  rotating  disk 
armature,  while  the  Lowrie-Parker  machine  resembles 
that  in  Fig.  Ill,  so  far  as  its  field-magnets  are  concerned. 

77.  E.M.F.  OF  Alternators. — In  §  20,  the  simple 
formula  connecting  the  E.M.F.  (E),  speed  (?i),  flux  of  a 
pair  of  poles  (F),  and  the  number  of  conductors  (N),  in 
series  on  an  armature  was  given  as : — 

This  formula  is  modified  to  apply  to  alternators  thus : — 
E  (virtual  volts)  J^JL^^ 

F  being  the  flux  through  any  one  pole  (or  pair  of  facing 
poles  in  the  case  of  a  disk  armature),  |?  the  number  of  pairs 
of  poles,  counting  on  one  side  only  of  the  armature  in  the 
case  of  disk  machines,  and  h  a  figure  which  depends  on 
the  width  and  shape  of  pole-faces  and  armature-coils,  and 
which  varies  from  about  1*1  to  2*8. 

The  frequency  of  alternators  was  dealt  with  in  §  44. 

78.  Synchronizing  of  Alternators. — When  we  think 
of  the  number  of  times  the  current  from  an  alternator 
changes  in  direction  in  the  course  of  a  second,  it  is  difiicult 
to  understand  how  such  machines  can  be  made  to  feed  in 
parallel  into  bus-bars  (§  238).  In  early  days  this  apparent 
difficulty  was  assumed  to  be  insurmountable,  but  now  it 
has  been  entirely  overcome,  alternators  being  nearly 
always  connected  together  in  this  way. 

Suppose  there  are  one  or  more  machines  already  feeding 
into  the  bus-bars,  and  it  is  desired  to  switch-in  another. 
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Before  doing  this  the  incoming  machine  must  be  syn- 
chronized with  those  already  working,  that  is  to  say,  it 
must  be  run  up  to  exactly  the  same  frequency,  and  its 
alternations  got  into  step  with  those  on  the  bus-bars. 
When  once  synchronized  and  switched-in  with  the  others, 
the  machines  tend  to  keep  one  another  in  step. 

One    method    of    synchronizing    is    as    follows.      The 
primaries    of    two    step-down   transformers   (§  189)   are 

connected,  one  to  the 
bus-bars,  and  the  other 
to  the  machine  to  be 
synchronized :  while  the 
secondaries  are  joined-up 
in  series  and  connected  to 
an  incandescent  lamp  and 
a  voltmeter,  as  depicted 
in   Fig.   112.      When   the 
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Fio.  112.— Synchronizing  Arrangement. 


currents  in  the  secondaries 
are  in  step,  they  work  in 
unison ;  but  if  out  of  step, 
they  oppose  each  other.  If 
the  frequency  (i.e.  the  speed) 
of  the  alternator  to  be  switched-in  is  not  correct,  the  lamp 
lights  up  and  goes  out  at  rapid  intervals.  The  speed  of 
the  machine  must  then  be  adjusted  until  the  light  of  the 
lamp  rises  and  falls  only  a  few  times  a  minute.  The 
machine  is  then  switched-in  at  the  moment  the  lamp 
is  at  full  incandescence,  and  the  voltmeter  shows  the 
correct  pressure;  it  being  then  in  synchronism  with 
the  others.  This  arrangement  is  further  illustrated  in 
Fig.  392. 
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79.  Double-Current  Generators. — A  double-current 
generator  is  a  machine  which  furnishes  either  direct  or 
alternating  (single-,  two-,  or  three-phase)  current  as 
required,  from  one  and  the  same  armature.  Or  both 
direct  and  alternating  currents  may  be  taken  from  the 
machine  at  the  same  time. 

As  will  have  been  gathered  from  Chap.   VIII,,  every 


Fig.  113. — Simple  Double-Current  Generator. 

direct-current  generator  is  in  reality  an  alternator,  with 
the  addition  of  a  commutator  for  rendering  the  current 
unidirectional  in  the  outer  circuit.  Thus,  if  any  type 
of  direct-current  dynamo  have  slip-rings  or  collectors 
mounted  on  its  shaft,  in  addition  to  its  commutator,  the 
rings  being  connected  to  ^certain  points  of  the  armature 
winding,  both  direct  and  alternating  currents  may  be 
taken  from  it. 

Fig.  113,  which  should  be  compared  with  the  figures  of 
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the  simple  alternator  and  simple  direct-current  dynamo  in 
Chap.  Vlll.y  represents  a  simple  double-current  generator. 
When  the  coil  C  is  rotating  in  the  field  NS^  an  alternating 
current  will  flow  in  the  circuit  A,  which  is  connected  to 
the  coil  by  the  brushes  Bi  B^  and  slip-rings  SB,  In  the 
circuit  D,  on  the  other  hand,  a  direct  current  will  flow, 
since  this  is  connected  to  the  ends  of  C  by  the  brushes 
5.2,  -S.,,  and  the  two-part  commutator  K,    Thus  this  simple 


Fio.  113a.— Two-pole  Armature  connected  for  Single-phase  Work. 


device  will  furnish  either  a  direct  or  alternating  current 
as  desired,  or  both  at  the  same  time. 

Fig.  113a  illustrates  the  outline  of  a  drum  or  ring 
armature  rotating  in  a  2-pole  field,  the  slip-rings  B 
being  respectively  connected  to  any  two  diametrically 
opposite  points  a  and  6.  L  are  the  outer  circuit  leads 
connected  through  brushes  to  the  slip-rings.  Now,  if, 
starting  from  the  position  shown,  the  armature  rotates  in 
the  direction  of  the  curved  arrow,  during  the  first  half-turn 
a  will  be  +  and  h  — ,  neglecting  the  distortion  of  the  field 
(Chap.  VIII,) ;  while  during  the  second  half-turn,  a  will 
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be  —  and  h  +.  For,  in  a  2-pole  machine,  the  E.M.F. 
in  the  armature  is  reversed  twice,  or  makes  one  complete 
period  in  every  revolution.  The  frequency  of  the  current 
from  sucK  a  machine  would  be  very  low,  it  being  pro- 
portional to  the  revolutions  per  second.  Thus  if  the 
machine  ran  at  420  r.p.m.,  the  frequency  would  be 
420-r(>0  =  7^,  which  would  be  altogether  too  low  for 
practical  work,  where  the  frequencies  in  use  vary  from 
25^  to  about  100^.  To  get  even  so  low  a  frequency 
as  25^  would  necessitate  a  2-pole  machine  being 
driven  at  25x60  =  1500  r.p.m. — rather  too  high  a  speed 
for  machines  of  any  size. 

In  a  multipolar  machine,  on  the  other  hand,  the  fre- 
quency at  a  given  speed  would  be  the  greater  the  greater 
the  number  of  pairs  of  poles.  Thus  assuming  the  speed 
to  be  420  r.p.m.,  the  frequencies  of  machines  with  different 
numbers  of  poles  would  be  : — 


2-POLB. 

4-POLE. 

6-POLE. 

8-POLK. 

lO-POLE. 

1 2-POLE 

7- 

14- 

21- 

28- 

35- 

42- 

and  so  on.  The  frequency  is  calculated  in  the  same 
way  as  with  alternators  (§  44).  Thus  it  is  that  double- 
current  generators  are  multipolar  in  form;  but  except  for 
the  presence  of  the  slip-rings,  they  are  hardly  to  be 
distinguished  from  ordinary  multipolar  direct-current 
machines,  some  makes  of  which  are  illustrated  in 
Chap.  IX. 

If  /  be  the  frequency,  n  the  speed  in  r.p.m.,  and  p 
the  numbar  of  field-poles,  the  formula  connecting  the 
quantities  is: — 

f  _nxp 
^""60x2 
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We  divide  by  60  to  bring  n  to  revolutions  per  second, 
and  by  2  to  bring  p  to  pairs  of  poles. 

Example, — A  machine  is  to  develop  a  frequency  of 
40^  at  a  speed  of  800  r.p.m.  How  many  poles  must  it 
have? 


Fio.  114. — Four-pole  Armature  connected  for  Single-pliase  Work, 


Here: 


60  X  2  X  40 

p  =  - 


800 
=  6  poles. 

Fig.  114  gives  the  outline  of  a  drum  or  ring  armature 
in  a  4-pole  tield,  and  it  will  be  clear  that  any  conductor  a, 
in  making  one  revolution,  will  cut  through  four  fields ; 
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and  the  E.M.F.  therein  will  consequently  undergo  four 
alternations  or  two  complete  periods  or  cycles  per  revolu- 
tion (§  43).  That  is  to  say,  the  frequency  at  a  given 
speed  will,  as  already  explained,  be  twice  as  great  as  with 
a  2-pole  field.  To  connect  up  such  an  armature  for 
single-phase  currents,  two  diametrically  opposite   points 


Fig.  114a. — Four-pole  Armature  connected  for  Two-phase  Work. 

a  a'  would  be  joined  up  to  one  collector  ring;  and  two 
other  points  b  b\  on  a  diameter  at  right  angles  with  a  a\ 
to  the  other  ring.  The  outer  circuit  leads  L  are  con- 
nected to  the  slip-rings  through  brushes  as  before.  In  a 
6-pole,  8-pole,  10-pole,  or  12-pole  machine  there  would  be 
respectively  3,  4,  5,  or  6  equidistant  connections  to  each 
slip-ring. 
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For  2-phase  work  there  would  be  four  slip-rings,  the 
connections  of  a  4-pole  2-phase  armature  being  given  in 
Fig.  114a.  Here  a  a  and  b  V  are  the  connecting  points  of 
one  phase  (as  in  Fig.  114),  and  cd  and  dd!  those  of  the 
other  phase,  the  latter  being  45°  in  advance  of  the  former, 


Fig.  115. — Four-pole  Armature  connected  for  Three-phase  Work. 


and  the  connections  indicated  by  dotted  lines.     L  are  the 
leads  to  one  outside  circuit,  and  L'  those  to  the  other. 

Fig.  115  shows  the  connections  of  a  4-pole  ai*mature  for 
3-phase  work,  there  being  generally  only  three  slip- 
rings  in  this  case.  Here  a  a\  h  h\  and  c  d  (60°  apart)  are 
the  respective  tappings  for  the  three  phases,  and  L  are 
the  leads  from  the  outer  circuit. 
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As  will  be  evident  from  what  has  been  said  above  about 
the  speed  and  frequency,  large  double- current  generators 
have  a  greater  number  of  poles  than  four;  but  this 
number  has  been  shown  in  the  figures  in  order  that  the 
connections  shall  not  be  too  complicated.  In  Figs.  113a  to 
115  the  commutator  connections  are  not  shown,  but  these 
are  the  same  as  in  an  ordinary  dynamo.  The  excitation 
also  is  similar  to  that  of  a  direct-current  machine. 

If  a  double-current  generator,  when  used  for  direct- 
current  work  only,  had  a  maximum  output  of  say  1000 
kw.,  such  also  would  be  its  maximum  output  when  em- 
ployed as  an  alternator  alone.  And  when  used  to  furnish 
both  kinds  of  current  simultaneously,  the  sum  of  the  loads 
on  both  circuits  would  have  to  be  kept  within  the  figure 
indicated. 

The  uses  of  double- current  generators  are  briefly  re- 
ferred to  in  §  217,  while  two  actual  machines  are  illustrated 
in  the  next  paragraph. 

79a.  Types  of  Double-Current  Generator. — One 
form  of  double-current  generator  (British  Westinghouse) 
is  shown  in  Fig.  116.  This  is  a  6-pole  machine,  and  is 
provided  with  four  collector-rings  for  2-phase  current,  as 
will  be  seen  to  the  left  of  the  figure.  On  the  right  is  the 
direct-current  commutator,  from  which  the  current  is 
taken  oflF  by  means  of  carbon  brushes.  The  bearings  are 
of  the  self-oiling  type,  and  are  provided  with  oil-level 
indicators.  The  machine  is  fitted  with  a  pulley  for  belt- 
driving,  and  is  mounted  on  a  slide  bed.  Its  total  or  com- 
bined output  is  200  kw.  This  construction  is  identical 
with  that  of  a  direct-current  generator  for  the  same  output, 
with  the  addition  of  the  slip-rings  and  their  connections  to 


220 


BLEGTUIG  LIGHTING,  BTG.  [chap.  xii. 


o 
Q 


-a 

a 


•E 

2 


1 


§  79a.]     B.T.H.  DOUBLE-CURRENT  GENERATOR. 


221 


the  armature-windings,  and  the  necessary  lengthening  of 
the  frame  and  shaft. 

Fig.    117    illustrates   another   form    of   double-current 


Fig.  117.— Double-Current  Generator  (British  Thomson-Houston  Co.). 

generator.  This  is  a  6-pole  machine,  having  an  output 
of  50  kw.  at  240  volts,  and  running  at  1200  r.p.m.,  its 
height  being  about  4  feet  6  inches.  The  figure  shows 
very  clearly  the  direct-current  commutator  on  the  left,  and 
the  3-phase  collector-rings  on  the  right. 
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As  mentioDed  later  on  in  §  205,  machines  of  this  type 
may  be  used  as  current-character  transformers.  Thus  a 
polyphase  turrent  from  an  independent  source,  led  through 
the  slip-rings,  will  drive  the  machine  and  cause  direct 
current  to  be  given  out  at  the  commutator.  Similarly 
the  machine  might  be  driven  by  direct  cuiTent,  and  poly- 
phase current  drawn  from  it.  The  former  (i,  e.  the  trans- 
formation of  polyphase  to  direct  current)  is  its  chief  use  as 
a  rotary  converter. 


CHAPTER  XII.— QUESTIONS. 
In  answering  these  questions,  give  sketches  wherever  possible. 

1.  Why  are  alternator  so  commonly  separately  excited?  How 
can  they  be  made  to  be  self-exciting  ?    [Ord.  1896.] 

*2.  Describe  briefly  in  how  many  ways  alternators  may  be  classified. 

*3.  Define  the  terms  rotor  and  stator  as  applied  to  alternators. 
Does  the  rotor  always  carry  coils  ? 

*4.  Distinguish  between  single-,  two-,  and  three-phase  machines. 
Give  a  simple  diagram  of  your  own  showing  how  the  armature-coils 
are  connected  up  to  each  other,  and  to  the  outer  circuits,  in  each  of 
the  three  cases. 

5.  What  is  the  difference  between  radial- coil  and  face-coil 
armatures  ? 

6.  Why  are  the  collectors  or  slip-rings  of  an  alternator  sometimes 
placed  at  opposite  sides  of  the  rotor  ? 

7.  Some  alternator  armatures  have  iron  cores  to  the  coils,  and 
some  have  non-magnetic  cores.    Why  is  there  this  difference  ? 

8.  How  may  the  connections  of  an  armature  be  altered  to  give 
different  E.M.Fs.,  without  altering  the  speed  ? 

9.  Sketch  some  form  of  multipolar  field-magnet  which  is  excited 
by  a  single  coil.     [Ord.  1898.] 
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10.  Describe  the  construction  of  any  form  of  alternate-current 
dynamo.     [Ord.  1891.] 

•  *11.  Give  two  or  three  simple  sketches,  showing  essential  features 
of  an  alternator  or  polyphase  generator,  having  no  moving  coils. 
[Prel.  1902.] 

12.  Make  a  diagrammatic  representation  of  a  three-phase  generator, 
and  state  how  many  poles  would  be  required  if  the  rotor  turned  at 
120  revolutions  per  minute,  and  the  frequency  of  each  current  was 
to  be  60.  Calculate  the  product  n  x  N  if  the  voltage  is  to  be  10,000, 
where  n  stands  for  the  number  of  turns  in  each  of  the  three  rotor 
windings,  and  N  is  the  mean  effective  flux  in  C.G.S.  lines  emanating 
from  one  field-pole.     [Ord.  1901.] 

13.  You  have  to  design  an  alternator  to  give  100  kw.  at  500  volts. 
State  how  you  would  proceed  to  determine  the  principal  dimensions 
of  the  armature.  Give  an  example  and  obtain  a  first  approximation 
of  the  dimensions.     [Ord.  1902.] 

14.  Describe,  with  sketches,  a  form  of  synchronizer  for  use  in 
throwing  alternators  into  parallel,  and  explain  the  process  of  using  it. 
[Ord.  1899.] 

15.  Explain  clearly  why  two-phase  and  three-phase  alternators 
give  greater  output  for  their  size  than  single-phase  machines.  Has 
the  three-phase  generator  any  advantage  over  two-phase  in  this 
respect?    [Ord.  1903.] 

16.  What  is  a  double-current  generator,  and  what  are  its  uses,  and 
its  advantages  over  ordinary  generators  ? 

17.  Draw  a  diagram  of  an  8-pole  direct-current  armature,  with 
the  connections  to  slip-rings  for  3-phase  current  generation.  What 
would  be  the  frequency  of  the  current  if  the  armature  were  rotated 
at  550  r.p.m.  ? 
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inductance.  If  used  on  motor  or  arc-lighting  circuits  its 
reading  would  be  proportional  to  the  apparent  watts, 
which  would  then  be  greater  than  the  true  watts.  A 
true  energy  meter,  on  the  other  hand,  takes  account  of 
phase-difference  (§  60). 

*81.  Classification  of  Meters. — Electricity  meters 
may  be  further  divided  into  three  classes  with  regard  to 
their  principle  of  construction  and  action,  viz.  : — 

(a)  Chemical  or  electrolytic  meters. 

(b)  Motor  meters. 

(c)  Clock  meters. 

Class  a  depend  for  their  action  upon  the  chemical  effect 
of  the  current,  and  obviously  can  only  be  used  on  direct- 
current  circuits.  With  these,  the  amount  of  electro- 
chemical action  is  proportional  to  the  quantity  of  electricity 
that  has  passed  through. 

In  motor  meters,  the  counting  mechanism  is  actuated 
by  a  motor  through  which  the  whole  or  a  definite  fraction 
of  the  current  passes. 

Clock  meters  are  of  two  kinds.  In  one,  the  rate  of 
going  of  a  clock  is  affected  by  the  current,  the  difference 
between  this  and  an  unaffected  clock  being  registered 
by  the  counting  mechanism.  In  the  other  kind,  a  clock 
drives  a  counting  mechanism  through  intermediate  gear 
controlled  by  the  current.  When  the  current  is  off,  the 
counting  mechanism  is  unaffected  by  the  clock;  when 
the  current  is  on,  the  rate  of  counting  or  of  registering 
is  proportional  thereto.  The  best  types  of  clock  meter 
have  self-winding  or  electrically-propelled  clocks. 

Meters  may  further  be  classified  according  as  they  are 
ordinary  or  prepayment  meters.     In  the  latter,  the  supply 
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is  given  on  the  insertion  of  a  coin,  the  pressure  being 
automatically  shut  off,  or  else  reduced  so  that  the  lamps 
bum  dimly,  when  the  coin  s  worth  has  been  delivered : 
and  automatically  resumed  or  restored  to  the  normal  when 
a  fresh  coin  is  inserted.  Such  are  also  known  as  coin- 
freed  or  money -in-the- slot  meters. 

82.  List  of  Meters  Described. — Twelve  meters  and 
three  demand  indicators  are  described  and  illustrated  in 
the  following  paragraphs,  these  being  as  follows : — 


tic.  {  i 


(1)  Bastian  (§  83).     Direct. 
Electrolytic.  {  (2)  Schattner  prepayment  (§  84).     Direct. 
((3)  Wright  (§  85).  "Direct. 
''(4)  Shallenberger  (§  86).     Alternating. 
(5)  Westinghouse  (§  87).     Alternating. 


Motor. 


6)  Elihu  Thomson  (§  88).     Direct  or  Alternating. 

(7)  Ferranti  (§  89).     Direct. 

(8)  Hookham  (§  90).     Direct. 

(9)  „          (§  91).     Direct  (for  small  currents). 
(S92).      


(10)        „  (i  92).     Alternating, 

f  (11)  Aron  (§  93).     Direct  or  Alternating. 
Clock.  ^  (12)  Johnson  and  Phillips  (§  94).     Direct  or  Alter- 
L  nating. 


DEMAND  INDICATORS. 


II 


(1)  Wright  (§  97). 
•2)        „      three-wire  (§  98). 
*3)  Atkinson-Schattner  (§  99). 


*83.  The  Bastian  Electrolytic  Meter. — This  meter, 
which  is,  of  course,  usable  with  direct  currents  only,  is  as 
simple  as  it  is  possible  for  a  meter  to  be.  It  consists  of  a 
tall  glass  vessel  nearly  filled  with  acidulated  water,  at  the 
bottom  of  which,  in  a  special  ebonite  holder,  two  platinum 
plates  are  placed ;  the  whole  supply  of  current  being  led 
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BEB 


down  to  one  plate  and  back  from  the  other  through  con- 

ductors  fitted  in 
ebonite  tubes.  The 
proportion  of  acid  to 
water  is  about  1  to 
20,  and  the  amount 
of  liquid  electrolyzed 
will  depend  upon  the 
varying  current  that 
passes,  and  the  time 
that  it  flows;  the 
level  of  the  liquid 
gradually  descending. 
In  other  words,  each 
little  increment  of 
current  x  time  will 
register  itself  by  a 
corresponding  quan- 
tity of  liquid  electro- 
lyzed ;  the  total  quan- 
tity at  the  end  of  any 
given  period  being 
proportional  to  the 
ampere-hours  of  flow. 
Each  instrument  has 
a  graduated  scale 
fitted  to  the  front  of 
its  glass  containing- 
vessel,  and  is  cali- 
brated for  a  given  voltage.  Hence  the  scale  may  be  and 
is  marked  oflF  direct  in  Board  of  Trade  units,  the  volume 


Fig.  118. — Bastian  Meter. 
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of  water  decomposed  being  proportional  to  the  quantity 
of  electricity  used. 

A  very  clear  illustration  of  the  complete  instrument  is 
given  in  Fig.  118.  T,  T  are  the  ebonite  tubes  down 
which  the  lead  conductors  (7,  G  pass  to  the  platinum  plates ; 
the  latter  being  shielded  in  an  ebonite  box  E  partly  open 
at  top  and  bottom,  and  kept  apart  by  a  slip  of  ebonite. 
P  (7  is  a  porcelain  cover  which  fits  on  the  top  of  the 
containing- vessel  F,  and  through  holes  in  this  the  tubes 
r,  T  pass. 

One  of  the  leads  running  from  the  supply-terminals  to 
the  distribution-board  is  cut,  and  the  two  ends  passed 
through  ebonite  bushes EB^E Bio  terminals  t,  ty  the  latter 
being  each  mounted  on  a  porcelain  block  screwed,  as  at 
P,  to  the  side  of  the  enamelled  sheet-iron  case  containing 
the  whole.  The  glass  containing- vessel  has  a  rounded 
bottom  which  rests  on  a  rubber  ring  P,  while  at  the 
top  it  is  held  in,  but  is  easily  detachable  from,  a  clamp 
fixed  to  the  back  of  the  case  at  K. 

The  scale  is  of  zinc,  and  on  starting,  the  liquid  is  poured 
in  through  the  glass  funnel  F  until  its  level  corresponds 
with  the  zero  mark  on  the  scale,  paraffin  oil  to  the  depth 
of  about  three-eighths  of  an  inch  being  run  in  on  the  top 
of  the  electrolyte  to  prevent  evaporation.  The  line  of 
demarcation  between  the  oil  and  the  electrolyte  is  clearly 
discernible,  and  is  shown  in  the  figure  by  a  thin  white 
line  standing  at  the  40  B.  o.  T.  units  level.  The  outer 
case  is  provided  with  an  upper  and  lower  hinged  front, 
the  latter  being  fitted  with  a  window  through  which  the 
scale  can  be  viewed. 

For  3-wire  circuits,  two  ordinary  meters  are  fitted  up 
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in  one  case,  these  being  connected  one  in  each  of  the  two 
outer  leads. 

*84.  The  Schattner  Electrolytic  Prepayment 
Meter. — The  spread  of  electric  lighting  among  the  poorer 
classes  of  consumer  has  led  to  the  necessity  of  what  are 
known  as  prepayment  meters.  A  very  interesting  apparatus 
of  this  type,  acting  on  the  electrolytic  principle,  and 
therefore  available  for  direct  currents  only,  is  that  known 
as  the  Schattner  meter. 


Fig.  120. — Diagram  of  Schattner  Meter. 

A  oreneral  view  of  this  is  given  in  YW.  119,  which  should 
carefully  be  compared  with  the  diagram  in  Fig.  120  ;  these 
two  figures,  it  will  be  noticed,  illustrating  the  apparatus 
reverse  ways.  Referring  to  the  latter,  Z  is  a  lever  pivoted  at 
P.  At  the  right-hand  end  of  this  is  hung  a  thick  copper 
plate  or  block  G,  and  at  the  opposite  end  a  balance- weight 
W.  ^  is  a  cup  which  catches  and  holds  the  coins  as  they 
pass  through  the  slot,  while  in  a  second  cup  K'  the  meter 
inspector  places  balance-weights  equivalent  to  the  cash 
he  takes  away.  0  is  immersed  in  a  solution  of  copper 
sulphate  contained  in  the  copper  vessel  V,  which  acts  as 
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the  kathode,  and  is  connected  through  t  with  the  main 
terminal  T^.  M  and  W  are  mercury  cups  into  which 
the  contact-pins  G  P  dip,  the  latter  being  carried  at  the 
extremity  of  the  lever  L.  -B  is  a  low  resistance  carrying 
the  main  current,  and  across  this  the  depositing-cell  V  is 
connected  as  a  shunt.  R  is  another  and  larger  resistance 
connected  between  the  two  mercury  cups,     The  current 

passes  into 
the  meter  at 
T  +  and 
leaves  at :?—. 
The  de- 
y{  positing- cell, 
mercury  cups, 
and  resist- 
ances are 
shown  in 
c  ombined 
perspective 
and  diagram 
in  Fig.  121. 
Contact    is 


CP 


Fig.  121. — Depositing  Cell  of  Schattner  Meter. 


only  broken  in  the  right-hand  cup  M\  which  is  shallower 
and  contains  less  mercury,  creosote  oil  being  poured  in 
on  the  top  of  the  mercury  in  both  to  prevent  splashing 
and  oxidation,  and  to  lessen  sparking.  The  bridge-piece 
which  carries  the  contact-pins  0  P  is  connected  with  tlie 
anode  C'  by  a  short  length  of  wire  w.  A  thin  layer  of 
machine  oil  is  poured  on  the  top  of  the  copper  sulphate 
solution  to  prevent  its  "  creeping." 
As  already  stated,  the  main  current  passes  through  the  low 
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resistance  B,  only  a  definite  fraction  of  it  depositing  copper 
in  F.  When  a  coin  is  passed  through  the  slot  into  K,  the 
lever  is  weighted  down  so  that  contact  is  made  through 
the  mercury  cups,  and  the  consumer  can  obtain  current 
through  his  switches  and  lamps.  Exactly  in  proportion 
to  the  quantity  of  electricity^  used,  copper  is  deposited 
from  0  on  to  V\  and  by  the  time  the  loss  of  weight 
in  G  counterbalances  the  increase  due  to  the  coins  in  K^ 
contact  will  be  broken  at  G  P,  and  the  main  supply  stopped. 
The  lights  will  not  be  extinguished,  however,  as  that  would 
result  in  great  inconvenience  to  the  consumer.  They  are 
merely  dimmed,  owing  to  the  current  now  having  to  pass 
through  Ky  which  reduces  the  pressure ;  and  thence  through 
R  and  the  cell.  This  dimming  of  the  light  thus  indicates 
when  it  is  necessary  to  put  more  money  in  the  slot ;  and 
the  light  is  reduced  to  such  an  extent  that  the  consumer  is 
impelled  to  insert  more  coins.  It  should  be  noted,  by  the 
way,  that  whether  the  current  flows  through  G  P,  or  simply 
through  Ky  it  is  registered  by  the  cell. 

This  resistance  across  the  mercury  cups  is  not  a  fixed  one, 
as  might  be  thought  from  Figs.  120  and  121 ;  as,  with  only 
one  or  two  lamps  in  circuit,  the  dimness  produced  would 
not  be  sufficient ;  or  if  it  were,  the  consumer  could  remedy 
the  defect  by  putting  in  lower  voltage  lamps.  Or  if  R  were 
sufficient  to  dim  a  few  lamps,  it  would  practically  extin- 
guish the  light  if  a  large  number  of  lamps  were  in  circuit. 
This  resistance  therefore  is  arranged  in  two  sections,  and 
is  connected  up  with  a  relay  in  such  a  way  that  the  light 
will  be  properly  dimmed  whatever  be  the  number  of 
lamps  in  circuit.  This  relay  can  be  seen  to  the  right 
of  Fig.  119,  and  its  connection   is  shown  in   Fig.  122. 
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Here  R'  is  a  medium  resistance  and  M'  a  high  resistance  ; 
and  in  series  with  these  is  a  relay  coil  B  C,  ilf  and  3f  are 
the  mercury  cups.  When  only  a  few  lamps  are  alight, 
the  current  in  i2  (7  is  insufficient  to  operate  the  relay,  and 
the  whole  of  the  resistance  R  +  R'  is  kept  in  circuit.  If 
there  are  many  lamps  alight,  the  current  energizes  the  relay 
sufficiently  to  draw  down  the  armature  A,  thus  short- 
circuiting  i2"  at  the  contact  (7, 
The  relay  only  acts  when  the 
main  circuit  is  broken  at  the 
mercury  cup,  and  then  only 
when  there  are  a  compara- 
tively large  number  of  lamps 
"  on.*'  In  the  smallest  meters 
of  this  type,  a  glow-lamp  is 
used  in  place  of  the  resistance 
wire  B,  and  B''  dispensed  with. 
The  Schattner  meter  is 
also  arranged  as  an  ordinary 
meter  without  the  prepayment 
arrangement. 

*85.  The  Wright  Elec- 
trolytic Meter. — This  in- 
strument is  the  newest  of  all  described  in  this  chapter, 
and  is  certainly  one  of  the  most  interesting.  It  may  be 
briefly  described  as  an  electrolytic  cell  shunted  by  a 
platinoid  resistance  of  such  value  that  only  about  a^^th 
part  of  the  main  current  passes  through  the  cell.  The 
electrolyte  is  a  solution  of  mercurous  nitrate,  a  colourless 
liquid  which  at  first  sight  might  be  mistaken  for  water. 
The  anode  is  mercury,  and  the  kathode  platinum.     The 
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kathode  is  made  in  the  form  of  a  funnel,  and  the  mercury 
which  is  liberated  at  its  surface  does  not  adhere  thereto, 
but,  after  collecting  and  forming  into  minute  globules, 
runs  through  into  a  graduated  collecting  tube.  The 
amount  thus  collected  is  obviously  a  measure  of  the 
quantity  of  electricity  that  has  passed  through  the  cell ; 
jind  if,  as  is  usually  the  case,  the  instrument  is  calibrated 
for  a  given  pressure,  the  scale  may  be  marked  oflf  direct 
in  B.  o.  T.  units.  The  tube  which  collects  the  mercury 
from  the  kathode  is  in  the  form  of  a  syphon ;  and  when 
full,  automatically  empties  itself  into  a  larger  tube  sur- 
rounding and  extending  below  it,  which  latter  is  also 
graduated.  The  syphon  tube  generally  reads  up  to  100 
units,  and  the  outer  tube  up  to  1000,  though  the  exact 
range  depends  upon  the  pressure ;  and  the  meter  reading 
is  the  sum  of  the  readings  in  both  tubes.  Two  most 
interesting  points  about  this  meter  are  that  the  electrolyte 
and  mercury  are  contained  in  an  hermetically  sealed 
vessel;  and  that  by  tilting  the  vessel,  the  mercury  is 
emptied  into  a  reservoir  bulb,  and  the  tubes  left  free  for 
a  fresh  series  of  indications.  The  hermetic  sealing-up  of 
the  electrolyte  and  mercury  is  only  possible  because  no 
gas  is  given  off;  while  the  ease  with  which  the  meter  can 
be  "reset,"  and  that  without  handling  the  electrolyte,  etc., 
is  a  most  advantageous  feature. 

The  principle  of  the  instrument  may  be  explained  with 
the  help  of  Fig.  123,  which  shows  the  actual  form  of  the 
glass  cell ;  the  connections  being  given  diagrammatically. 
M  is  the  mercury  reservoir  from  which  the  mercury  runs 
into  an  annular  trough  A,  A  side  view  of  this  arrange- 
ment is  given  at  II,  and  a  section  at  III.     Between  the  +. 
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and  —  terminals  is  connected  the  platinoid  resistance  PB, 


T+        PR  T- 


M 
A 


(n) 


Fig.  123.— Wright's  Electrolytic  Meter. 

the  shunt  current  being  taken  through  a  fine  wire  resist- 
ance B,  and  led  by  a  platinum  leading-in  wire  to  the  trough 
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A  and   the   mercury   therein.     From   this   mercury   the 
current  curves  over  the  edge  of  the  trough  through  the 


Fig.  124.— Wright's  Electrolytic  Meter. 


electrolyte  to  the  inner  surface  of  the  platinum  funnel  P, 
as  shown  at  III,  and  from  there  it  passes  by  a  platinum 
leading-out  wire  W,  to  the  negative  terminal. 

The  electrolysis  of  the  solution  of  mercurous  nitrate 
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atsCoMBiNCa  Demand  w 


which,  it  should 
be  noted,  fills 
the  whole  of  the 
glass  vessel 
with  the  ex- 
ception of  an 
air  bubble  at 
B,  results,  as 
already  men- 
tioned, in  the 
deposition  of 
mercury  on  the 
surface  of  the 
funnel  P.  But 
as  fast  as  the 
metal  is  de- 
posited from  the 
solution  upon 
the  kathode, 
the  solution  dis- 
solves mercury 
at  the  anode  so 
as  to  keep  its 
strength  con- 
stant. 

The  mercury 
which  collects 
on  the  kathode 
drops  by  im- 
perceptible de- 
grees into  the 
glass   funnel   (?,  and   syphon    tube  ST;   and   the   units 


Fig.  125. — Wright  Meter  and  Demand 
Indicator  fitted  together. 
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corresponding  with  a  given  height  may  be  read  oflf  from 
the  scale  S.  As  soon  as  the  mercury  in  both  legs  oi  ST 
rises  to  the  level  X,  the  syphon  action  comes  into  play, 
and  the  whole  is  precipitated  to  the  bottom  of  the  outer 
tube  Oy  which,  as  already  explained,  is  provided  with  a 
second  scale  S\  When  the  meter  requires  resetting,  which 
is  only  necessary  at  intervals  of  some  months,  the  outer 
tube  0  is  tilted  up,  whereupon  the  mercury  in  this  and  in 
the  syphon  tube  runs  back  into  the  reservoir  M. 

The  general  appearance  of  the  apparatus,  with  the 
front  of  the  cast-iron  case  opened,  may  be  gathered  from 
Fig.  124,  the  height  being  about  14  inches.  The  glass 
cell  is  mounted  on  a  board  hinged  at  the  top  to  allow  of 
the  resetting  of  the  meter,  and  behind  this  board  may  be 
seen  a  portion  of  the  platinoid  coil  which  carries  the  main 
current. 

Fig.  125  shows  one  of  these  meters,  and  a  Wright 
Demand  Indicator  (§  97)  fitted  together  in  the  same  case, 
the  whole  forming  a  very  handy  combination. 

This  meter  is  easily  arranged  for  use  on  a  three-wire 
circuit  in  much  the  same  manner  as  the  demand  indicator 
(§  98).  Referring  to  Fig.  168  and  the  explanation  of 
same,  we  may  fit  it  to  the  Wright  meter  by  regarding 
H  as  the  electrolytic  cell  with  its  fine-wire  resistance  in 
series,  and  AB,  AG  as  a  split  main  current  resistance 
taking  the  place  of  PjR  in  Fig.  123. 

*86.  The  Shallenberger  Meter. — This  instrument 
belongs  to  the  class  of  motor  meters,  and  will  only  work 
with  alternating  currents.  Fig.  126  shows  the  meter  with 
its  covers  removed  and  placed  on  one  side.  The  motor 
armature  or  moving  part  is  depicted  in  Fig.  127,  and  con- 
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sists  simply  of  an  aluminium  disk  i),  and  the  aluminium 
vanes  V.  The  lower  end  of  the  spindle,  the  vanes,  and 
the  edge  of  the  disk  can  also  be  seen  in  Fig.  126. 

The  alternating  current  to  he  measured  is  passed  through 
the   oval-shaped   coil   seen   between   the  vanes   and  the 


Fig.  126.— Shallenberger  Meter. 

registering-dials  (Fig.  126).  Inside  this  large  coil  is  a 
smaller  one  which  is  short-circuited  on  itself,  and  within 
this  smaller  or  secondary  coil  is  the  aluminium  disk.  It  will 
be  noticed 'that  the  magnetic  axis  of  the  secondary  coil  is 
placed  at  an  angle  of  about  45""  with  that  of  the  main  or 
primary  coil,  and  it  is  because  of  this  that  the  disk  is 
made  to  rotate. 
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When  current  passes  through  the  main  coil,  a  secondary 
current,  which  lags  slightly  behind  the  main  current,  is 
induced  in  the  inner  coil.  In  consequence  of  this  and 
the  fact  that  the  magnetic  axes  of  the  two  coils  are  at  an 
angle,  what  is  termed  a  rotary  magnetic  field  is  set  up,  and 
this  induces  eddy  currents  in  the  disk  and  causes  it  to 
rotate,  the  rotation  being  rendered  slow  and  steady  by  the 
vanes.  Were  it  not  for  the  vanes,  the  disk  would  turn 
at  a  rate  varying  as  the  square  of  the  current;  but  as  the 
retardation  due  to  the  vanes  varies  as 
the  square  of  the  speed,  it  follows  that 
the  rotation  of  the  disk  is  directly  pro- 
portional to  the  strength  of  the  current. 

Although  both  the  construction  and 
action  of  the  instrument  are  beautifully 
simple,  the  latter  is  not  easy  to  explain 
in  e very-day  language.  In  Fig.  128,  M 
is  the  main  coil,  S  the  secondary  coil, 
and  I)  the  disk.  Consider  one  cycle  of 
the  current  in  M  and  of  the  induced 
current  in  Sy  and  the  magnetic  fields  set  up  thereby. 

Suppose,  to  start  with,  the  field  due  to  M  is  in  the 
direction  of  the  arrow  1,  then  the  arrow  2  gives  the  field 
due  to  the  first  induced  current  in  S,  which  follows  directly 
after  that  in  M.  Immediately  after  this,  the  reverse  cur- 
rent in  M  will  give  a  field  in  the  direction  of  the  arrow  3  ; 
and  lastly  the  field  of  the  reverse  secondary  current  will 
be  as  arrow  4.  The  result  is  a  field  rotating  in  a  clock- 
wise direction,  as  shown  by  the  curved  arrows,  and  this 
will  drag  the  disk  round  the  same  way. 

The  instrument  records  in  ampere-hours,  and  may  thus 


Fig.  127. — Moving 
part  of  Shall  en- 
bsrger  Meter. 
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be  coDDected  to  circuits  at  any  voltage ;  the  multiplication 
of  the  reading  on  the  dials  by  the  circuit  pressure  giving 
watt-hours.  Generally,  however,  each  instrument  is  calib- 
rated at  a  certain  voltage,  and  the  dials  arranged  to 
read  direct  in  Board  of  Trade  units.  The  angle  between 
the  coils  is  adjustable,  the  angle  varying  with  the 
frequency. 

87.    The     Westinghouse    Meter. — This    apparatus, 

.  ^  which  also  will  only 
act  with  alternating 
currents,  resembles 
the  Shallenberger 
meter  in  that  its 
moving  part  con- 
sists simply  of  an 
aluminium  disk 
which  is  set  in 
motion  by  a  rotary 
magnetic  field.  The 
diflference  between 
the  two  meters, 
however,  lies  in  the 
way  in  which  the  rotary  field  is  set  up. 

The  parts  of  this  meter  are  illustrated  by  the  diagram 
in  Fig.  129.  Here  I)  is  the  aluminium  disk  mounted  on 
a  vertical  spindle,  the  upper  end  of  which  carries  a  worm 
gearing  into  the  usual  train  of  counting-wheels.  /,  /,  /  is  a 
laminated  iron  core  carrying  two  upper  pole-pieces  at  P,-P, 
which  are  separated  by  a  vertical  gap  V;  and  a  lower  pole- 
piece  at  P".  As  will  be  explained  later,  a  rotating  field 
is  set  up  between  the  upper  and  lower  poles,  this  acting 


Fig.  128. — Elustrating  the  Action  of  the 
Shallenberger  Meter. 
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on   and   rotating   the   disk  D,  which   is   pivoted   in  the 
field. 

S,  S  are  the  two  portions  of  the  shunt- winding,  which 
are  so  connected  as  to  magnetize  the  core  /,  /,  /,  as  a  con- 
tinuous ring,  the  field  traversing  the  vertical  air-gap  V 
between  P  and  P,  Around  the  pole-piece  P"  is  wound 
the  series  coil  SE  carrying  the  main  current,  and  the  field 
of  this  traverses  the  horizontal  air-gap  between  the  upper 
and  lower  poles. 

In  series  with  the  shunt  coil  is  connected  an  inductive 
resistance, which  con- 
sists of  a  fine  wire  f  ^..^S..,,  g  ....A 
coil  wound  on  an 
iron  core  fixed  in  the 
base  of  the  meter. 
This  is  indicated  at 
IB  in  the  figure. 


-^ifrsTT^nnnr- 


Fig.  129.— Diagram  of  "Westinghouse  Meter. 


The  necessary 
braking  action  is 
afforded  by  a  per- 
manent magnet  whose  poles  are  brought  close  together  on 
opposite  faces  of  the  disk.  As  the  disk  is  rotated  by  the 
rotary  magnetic  field,  other  eddy  currents  are  generated 
in  it  by  its  motion  through  the  permanent  magnetic  field ; 
and  a  consequent  "drag "is" exerted,  which  has  the  eflfect 
of  curtailing  the  speed  of  rotation  of  the  disk.  This 
magnet  is  not  indicated  in  Fig.  129,  but  may  be  seen 
at  M  in  Fig.  130. 

Fig.  130  shows  the  meter  with  its  cover  removed. 
Here  S,S  sue  the  shunt  coils,  IP  the  inductive  resistance, 
D  the  disk,  and  M  its  controlling-magnet.     The  terminals 
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are  fitted  in  a  box  B  at  the  top  of  the  instrument ;  and 
right  in  front  are  the  counting-dials.  In  Fig.  131  the 
counting-dials,  disk,  and  controiling-magnet  have  been 
removed  to  enable  the  other  parts  to  be  more  clearly 
shown.  Here  the  shunt  and  series  coils,  as  well  as  the 
inductive  resistance,  will  be  noticed,  and  the  actual  iron 

circuit  should  be  com- 
pared with  that  in 
the  diagram  given  in 
Fig.  129.  Over  the 
shunt  coils  are  wound 
short  -  circuited  com- 
pensating coils,  whose 
function  it  is  to  prevent 
the  disk  rotating  under 
the  influence  of  the 
shunt  -  winding  alone ; 
1^.6.  when  there  is  no  cur- 
rent in  the  main  circuit. 
The  action  of  this 
meter  is  not  easy  to 
explain  in  precise 
language.  It  will,  how- 
ever, be  readily  under- 
stood that  there  is  considerably  more  inductance  in  the 
shunt  than  in  the  series  circuit,  so  much  more  in  fact,  that 
the  field  due  to  the  former  may  be  assumed  to  lag  about  90° 
in  phase  behind  that  due  to  the  series- winding.  Most  of 
the  field  due  to  S,  S  traverses  the  vertical  air-gap  V,  but  a 
portion  may  be  assumed  to  curve  round  between  th^  poles 
P  and  P  and  pass  partly  through  the  disk  D,  We  have  thus 


Fig.  130. — Westinghouse  Meter. 
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one  alternating  field,  due  to  /S^^, passing  through  the  disk; 
and  a  second  alternating  field,  due  to  S^S,  skimming  the 
top  of  the  disk.  It  is  the  interaction  between  these  and 
the  eddy  currents  induced  by  them  in  the  disk  that  sets  the 
latter  in  motion.  Taking  into  account  the  braking  action 
due  to  the  permanent  magnet,  the  rate  of  rotation  of  the 
disk  will  at  any 
given  moment 
be  proportional 
to  the  watts 
being  used  in 
the  circuit,  so 
that  the  instru- 
ment is  .a  true 
energy  meter, 
or  as  the  makers 
prefer  to  call  it 
— an  integrat- 
ing wattmeter. 

*88.  The 
Elihu  Thom- 
son Meter. — 
This  is  a  motor 
meter,  and  is 
named  after  its  inventor,  Prof.  Elihu  Thomson,  an 
American  electrician.  It  is  adapted  for  both  direct  and 
alternating  currents.  Its  makers  used  to  term  it  a  record- 
ing wattmeter,  but  this  is  inaccurate,  as  the  instrument 
registers  energy,  not  power  merely :  that  is  to  say,  it  is 
a  watt-hour  or  energy  meter  (§  80).  Moreover,  a  record- 
ing instrument  is  one  which  draws  a  line  across  a  chart, 


Eiu.  131. —  Wresting  ho  use  Meter. 
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enabling  the  value  of  the  quantity  recorded,  at  any  given 
past  time,  to  be  ascertained.  In  fact  a  recording  wattmeter, 
properly  so  called,  is  similar  in  principle  to  a  recording 
voltmeter  or  ammeter  (Chap.  VIL).  A  meter  totals  up  the 
quantity  to  the  time  of  observation,  without  any  indication 


Fig.  132.— Elihu  Thomson  Meter. 

of  the  variation  in  the  demand.  The  makers  now  call 
this  instrument  an  integrating  wattmeter,  and  this  name, 
it  will  be  seen,  is  correct. 

The  Elihu  Thomson  meter,  which  is  shown  in  Fig.  132 
with   cover  removed,  consists  of  a  peculiarly-constructed 
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electromotor,  whose  revolutions  are  counted  and  registered 
in  the  ordinary  way  by  means  of  an  endless  screw  or 
worm  gearing  in  a  train  of  wheels.  Fixed  to  the  bottom 
of  the  vertical  motor  shaft  is  a  copper  or  aluminium  disk, 
which  revolves  between  the  poles  of  two  permanent  horse- 
shoe magnets,  the  arrangement  acting  like  a  miniature 
magneto-dynamo  on  short-circuit.  This  is  for  the  purpose 
of  retarding  the  revolution  of  the  motor  armature,  which 
otherwise  would  run  at  an  excessive  speed.  The  re- 
tardation is  caused  by  the  "drag"  which  is  set  up 
between  the  magnets  and  the  eddy  currents  induced  in 
the  copper  disk. 

The  current  to  be  measured  passes  through  two  fixed 
coils  of  thick  wire,  connected  in  series.  The  armature, 
which  revolves  in  the  field  of  these  coils,  consists  of  a 
hollow  frame  wound  drum-wise  with  a  set  of  coils  of 
fine  wire,  whose  ends  are  attached  to  a  silver  commu- 
tator carried  on  the  shaft.  Two  light  brushes  with  silver 
contact-pieces  press  against  the  commutator,  and  so  make 
connection  with  the  armature.  An  endless  screw  or 
worm,  on  the  upper  end  of  the  armature  shaft,  engages 
with  one  of  the  wheels  of  the  counting  mechanism ;  and 
the  number  of  revolutions  of  the  armature  is  in  this 
way  recorded.  On  the  right-hand  side  may  be  seen  a 
plumb-bob  for  facilitating  the  upright  fixing  of  the 
meter. 

The  fixed  thick  wire  coils  carry  the  main  current,  and 
the  armature  is  joined  up  as  a  shunt  across  the  mains,  a 
high  non-inductive  resistance,  fitted  in  the  meter  case, 
being  connected  in  series  with  it  The  fixed  coils  thus 
act  the  part  of  ammeter  coils,  while  the  current  passing 
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through  the  armature  is  proportional  to  the  volts  at  the 
terminals  of  the  circuit.  When  the  load  is  turned  on,  and 
the  meter  starts  from  rest,  the  motor  will  at  once  cause 
the  brake  disk  to  revolve  with  increasing  velocity,  until  the 
drag  due  to  the  disk  exactly  counterbalances  the  torque 
due  to  the  motor.    It  is  evident,  because  of  the  drag  being 

proportional  to  the  speed  of 
the  disk,  that  this  limiting 
speed  at  which  the  torque 
is  balanced  will  be  pro- 
portional to  the  load  applied : 
and  a  further  consideration 
will  show  that  if  the  speed 
be  always  proportional  to  the 
load,  the  total  number  of 
revolutions  of  the  disk  will 
be  proportional  to  the  total 
energy  supplied.  In  other 
words  the  resistance  to  rota- 
tion due  to  the  disk  increases 
with  the  speed,  while  the 
torque  (§  109)  on  the  motor 
shaft  at  any  given  moment 
is  proportional  to  the  pro- 
duct of  the  currents  in  the  armature  and  fixed  coils,  i.  e. 
to  the  amperes  and  volts,  or  watts.  Therefore  the  speed  will 
be  proportional  to  the  watts.  The  total  number  of  revolu- 
tions of  the  armature,  counted  up  by  the  registering- dials, 
is  thus  proportional  to  the  energy  which  has  been  used, 
the  dials  indicating  this  in  B.  o.T.  units.  The  fact  that 
there  is  no  iron  in  the  meter,  and  consequently  practic- 


FiG.  133.— Elihu  Thomson  Meter 
(Side  View). 
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ally  no  inductance,  is  the  chief  reason  why  the  instrument 
may  be  used  on  both  alternating  and  direct  circuits. 

Fig.  133  gives  a  side  view  of  the  disk  B  and  spindle 
S,  and  one  of  the  magnets  M\  M  shows  the  position 
of  the  fixed  main  coils,  A  is  the  armature,  B  one  of  the 
brushes,  and  D"  the  counting  dials.  T,  T  are  the  terminals, 
and  K  the  cover. 

This  meter  can  be  used  on  all  kinds  of  non-inductive 
circuit,  its  con- 
struction and  con- 
nection varying 
somewhat  in  'dif- 
ferent cases.  Fig. 
134  gives  a  dia- 
gram of  the  instru- 
ment and  its  con- 
nection on  ordinary 
2-wire  direct-  or  fpom_suppi^ 
monophase  alter-  Mains  _ 
nating-current  cir- 
cuits. Here  A  is 
the  armature,  and  0  the  commutator,  the  retarding-disk 
and  counting  gear  being  omitted.  M  is  the  main  coil  and 
R  the  non-inductive  resistance  inserted  in  shunt  (together 
with  the  armature)  across  the  terminals  of  the  supplied 
circuit  at  T,  T.  G,C  is  Si  compmtnding  coil  of  many  turns 
of  fine  wire  wound  concentrically  with  the  main  coils,  and  in 
such  a  direction  as  to  help  them  in  revolving  the  armature. 
It  is  connected  up  in  the  armature  circuit,  and  its  office 
is  to  compensate  for  the  friction  of  the  pivots  and  brushes, 
and  enable  the  meter  to  start  with  a  very  small  current. 


Fio.  134.- 


Connection  of  Elihii  Thomson  Mtter 
to  2-wire  Circuit. 
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On  3-wire  circuits  the  two  main  coils  are  separately 
coDnected,  one  in  each  of  the  outer  leads ;  while  the  shunt 
circuit  is  joined  up  between  one  of  the  outer  leads  and  the 
middle  wire,  or  else  between  the  two  "  outers/' 

89.  The  Ferranti  Meter. — When  a  current-carrying 
conductor  is  placed  in  a  magnetic  field,  at  right  angles  to 
the  lines  of  force,  the  conductor  will  move  or  tend  to  move 
across  the  field  (§  102).     In  Fig.  135,  (7  is  a  movable  con- 


Fig.  135.  Fig.  136. 

Principle  of  Ferranti  Meter. 

ductor  pivoted  at  P,  suitable  arrangements  being  made  to 
lead  the  current  in  at  P  and  out  at  C  without  retarding 
the  movement.  The  dots  represent  the  lines  of  a  magnetic 
field  passing  through  the  paper,  the  positive  direction 
along  the  lines  being  upwards,  let  us  suppose.  Under 
these  circumstances,  the  pivoted  conductor  will  rotate 
in  the  direction  shown  by  the  curved  arrow.  If  there 
were  a  number  of  other  radial  conductors,  such  as  (7,  C", 
and  (J'\  all  pivoted  together  at  P,  and  carrying  current 
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outwards,  the  tendency  to  rotate  in  the  direction  indicated 
would  be  increased.  The  direction  of  rotation  may  be 
deduced  from  the  rule  given  in  §  105 ;  and  if  either  the 
direction  of  the  field 

or  of  the  current  in  |<v\v\v^^^>:^  a\  ■>>^:^^;:;^ 

the  conductors  were 
altered,  so  also 
would  be  the  direc- 
tion of  movement. 

The  above  ex- 
ample serves  as  an 
introduction  to  the 
principle  of  the 
Ferranti  meter,  this 
principle  being 
more  closely  illus- 
trated in  Fig.  136. 
Here  V  represents 
a  circular  shallow 
vessel  filled  with 
mercury,  the  bot- 
tom being  of  in- 
sulating material, 
while  the  rim  It  is 
of  metal.  If  one 
end  of  a  circuit  be 

connected  with  a  metallic  stud  Sy  making  contact  with  the 
mercury  at  the  centre  of  the  vessel,  and  the  other  with  the 
metallic  rim  R,  the  current  will  flow  out  in  all  directions 
from  S  through  the  mercury  to  B,  as  indicated  by  the  radial 
lines.     If  now  a  magnetic  field  be   projected   vertically 


Fig.  137. — Ferranti  Meter  (Section). 
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through  the  mercury  bath,  as  indicated  by  the  dots,  the 
mercury,  which  may  then  be  looked  upon  as  a  large  number 
of  radial  current-carrying  conductors  pivoted  at  S,  will 
rotate  at  a  rate  depending  on  the  strength  of  the  current 
and  of  the  field. 

•  This  is  the  principle  of  the  Ferranti  meter,  the  rotating 
mercury  communicating  its  motion  to  a  kind  of  light 
paddle-wheel  or  fan  floating  in  it,  a  worm  on  the 
spindle  of  the  latter  gearing  with  the  registering- wheels. 
A  section  of  the  actual  instrument  is  giveji  in  Fig.  137. 
M  is  the  mercury  trough,  and  F,  V  vanes  fixed  to  a  spindle 
/S"  pivoted  at  P,  and  geared  with  the  counting-train 
above.  This  moving  part  is  shown  by  itself  in  Fig.  138, 
and  it  will  be  noticed  that  there  are  four  vanes,  these 
being  made  of  flattened  nickel-steel  wire,  and  varnished 
to  prevent  amalgamation  with  the  mercury. 

Returning  now  to  Fig.  137,  C  is  a  coil  of  wire  carrying 
the  main  current,  the  last  turn  of  which  is  formed  of 
the  thin  steel  rim  B  acting  as  the  circular  wall  of  the 
mercury  chamber.  The  mercury  cup  is  mounted  on  the 
top  of  one  pole  iV^  iV  of  a  box  electro-magnet  energized 
by  the  coil  (7,  G\  this  central  core  and  coil  being  enclosed 
in  an  iron  box,  B,  B,  By  etc.,  the  top  of  which,  being 
brought  close  down  to  the  surface  of  the  mercury,  forms 
the  other  pole  of  the  ma;>net  at  S,  S.  Thus  it  is  evident 
that  a  strong  magnetic  field  passes  vertically  through  the 
chamber  containing  the  mercury.  The  current,  starting 
from  the  terminal  T  +,  passes  up  the  centre  core  of  the 
magnet,  as  shown  by  the  arrows,  to  the  middle  of  the 
mercury  near  P,  whence  it  radiates  on  all  sides  to  the  rim 
B.     It  then  passes  round  (7,  and  via  W  to  the  insulated 
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terminal  T  — .    The  thick  black  lines  above  T  —  and  N^N, 
and  below  S,  S,  indicate  insulation. 

B  F  is  the  back  plate  of  the  counting-train,  the  gearing 
connecting  the  latter  with  W  being  shown  at  G.  This 
gearing  is  so  arranged  that  the  gear  wheels  may  be  altered 
to  enable  one  and  the  same  meter  to  be  used  at  any  given 
pressure.     For  the  higher  the  circuit-pressure,  the  faster 


Fig.  138.— Ferranti  Meter 
(Fan  and  Spindle). 


Fig.  139.— Ferranti  Meter 
(Exterior). 


must  the  train  run  with  a  given  current.  One  advantage 
of  a  series  coil  meter  is  that  the  winding  needs  no 
alteration  for  different  voltages. 

To  give  an  initial  field,  and  to  ensure  the  meter  starting 
with  a  small  current,  part  of  the  magnet  core  is  maxie  of 
permanently -magnetized  steel.  Thus  in  Fig.  137,  SS  is 
of  hardened  steel,  and  it  is  surrounded  by  a  soft  iron  sleeve 
Sly  SI,     This  is  the  arrangement  for  a  10-ampere  meter. 
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Fig.  142.— Hookham  D.C.  Meter  (Interior). 
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Fig.  143.— Hookham  D.C.  Meter  (Section). 
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LL,  Some  of  the  lines  complete  their  circuit  through 
the  iron  bridge-piece  i>,  D,  and  thus  cut  across  the  space 
S  in  which  is  the  copper  disk  CD  carried  by  the  spindle  s ; 
the  latter  being  connected  at  the  top  with  the  train  of 
counting-wheels  shown.  The  leads  are  joined-up  with  the 
terminals  jT,  T,  and  the  current  flows  from  one  to  the  other 
along  the  copper  strips  CSyCS,  and  across  the  space  S  and 
copper  disk  CD;  the  former  being  filled  with  mercury 
through  the  orifice  closed  by  the  screw  at  0.  Except,  of 
course,  where  the  current  enters  and  leaves  by  the  copper 
strips,  the  mercury  is  carefully  insulated  from  the  fixed 
metal  parts.  We  have  thus  the  same  condition  of  things 
as  in  Fig.  140,  and  it  will  be  obvious  that  when  current 
flows  through  the  meter  the  disk  will  rotate  at  a  speed 
proportional  to  the  strength  of  the  current.  It  will  also  be 
clear  that  such  a  meter  will  only  work  with  direct  currents. 

If  a  copper  or  other  non-magnetic  conducting-disk  be  . 
spun  in  a  magnetic  field  whose  lines  pass  through  the  disk 
from  face  to  i'ace,  the  latter  will  quickly  come  to  rest 
owing  to  the  retarding  effect  of  the  eddy  currents  set  up 
in  it.  If  the  disk  be  kept  in  motion,  it  will  experience 
a  continual  retarding  or  braking  force  due  to  these 
induced  currents.  This  arrangement,  which,  in  fact,  may 
be  looked  upon  as  a  magneto  dynamo  with  its  armature 
short-circuited,  is  known  as  a  FoiicauU  hraJce.  This 
principle  is  used  in  the  Hook  ham  meter  to  retard  or 
"  damp "  the  rotation  of  the  mechanism,  and  also,  as  will 
be  remembered,  in  the  meters  described  in  §§  87  and  88. 

On  the  top  of  the  pole-pieces  B,  B  are  four  smaller  ones 
in  the  shape  of  pillars  E,  Fy  three  only  of  which  can  be  seen 
in  Fig.  142.     Above  these  again,  with  a  space  between, 
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are  four  corresponding  soft  iron  poles  E,  E  fixed  to  a  main 
support  through  which  the  lines  pass.  Thus  the  field  of 
the  magnet  A  completes  its  circuit  partly  below  and  partly 
above  its  poles  B,  B,  Attached  to  the  spindle  is  a  second 
or  brake  disk  B  B,  of  copper  or  aluminium,  which  rotates  in 
tlie  field  of  the  eight  pole-pieces  already  mentioned ;  and 
eddy  currents  are  set  up  in  this  with  the  result  already 
described.  It  will  be  observed  that  the  two  left-hand 
lower  pole-pieces  F  have  a  *'neck"  turned  on  them.  The 
etFect  of  this  is  to  "  throttle "  the  lines  of  force  passing 
through  them ;  that  is  to  say,  these  poles  keep  saturated, 
and  the  braking  force  regular,  even  if  the  , 

magnet  A  should  suSer  a  slight  diminution     ,     ^)^ 
in  strength  in  course  of  time. 

The  four  upper  poles  of  the  brake  are 
mounted  in  pairs  on  two  soft  iron  blocks  S\  S\ 


& 


supported   on    the    brass   cross-piece    Yy  Y.       p^^  ^^ 
These  blocks  are  connected  at  each  end  by 
iron  cross-pieces,  on  one  of  which  the  coil  G\  consisting  of 
very  few  turns  and  carrying  the  main  current,  is  mounted. 
The  function  of  this  coil  is  to  diminish  the  brake  force 
slightly,  and  so  make  up  for  the  resistance  to  rotation 
offered  by  the  **  swirl ''•of  the  mercury  in  the  mercury 
chamber.     This  "  swirl  resistance  "  increases  as  the  square 
of  the  speed  at  which  the  disk  is  rotating ;  not  as  the 
first  power  of  the  speed,  which  is  the  law  of  the  Foucault 
brake.     In   other  words,  if   the  speed  of  rotation  were 
doubled,  the  resistance   due   to   the   mercury  would   be 
increased  fourfold,  whereas  the  braking  action  of  the  disk 
in  the  magnetic  field  would  be  only  doubled. 
A  plan  of  B\  S\  and  C  is  given  in  Fig.  144,  and  from 
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this  it  would  appear  that  the  magnetic  circuit  of  C  is 
so  complete  that  it  could  exercise  little  or  no  eflfect  on 
the  poles  below.  As  a  matter  of  fact,  however,  the  end 
pieces  e,  e'  are  separated  from  actual  magnetic  contact  with 
S",  S"  by  brass  washers  (shown  shaded),  the  thickness  of  the 
latter  being  a  matter  of  adjustment.  The  number  of  lines 
due  to  (7  which  pass  into  S",  S"  depend  on  the  adjustment 
of  e ;  while  with  e  in  a  given  position,  the  effect  on  the  pole- 
pieces  and  brake  below  is  altered  by  more  or  less  short- 
circuiting  S\  S"  at  e.  These,  however,  are  matters  arranged 
once  for  all  by  the  meter  tester.  In  any  case,  the  coil  G\ 
being  so  wound  as  to  tend  to  weaken  the  polarity  of  the 
brake  pole-pieces  due  to^,  will  exercise  greater  weakening 
effect  as  the  current  increases,  i.  e,  as  the  speed  of  the  meter 
and  the  "  swirl  resistance  "  of  the  mercury  increases. 

91.  The  Hookham  Direct-Cuurent  Meter  for 
Small  Currents. — To  meet  the  demand  for  a  small- 
current  meter  of  less  elaborate  and  therefore  cheaper 
construction  than  that  just  described,  the  form  shown  in 
Fig.  145  has  been  introduced,  this  being  suitable  for  small 
installations  in  which  the  total  current  demand  does  not 
exceed  five  amperes.  The  principle  of  action  is  very 
much  the  same  Jis  that  of  the  form  dealt  with  in  the 
preceding  paragraph. 

The  current  to  be  metered  is  led  in  at  the  terminal  + 
and  out  at  the  terminal  — .  From  +  it  proceeds  via  the 
terminal  G,  and  insulated  wire  Wy  into  the  mercury  cham- 
ber Hy  down  the  cylindrical  copper  armature  A,  and  out 
from  the  mercury  through  the  insulated  wire  W\  thence 
round  the  coil  of  the  electro-magnet  JT,  and  so  to  the  nega- 
tive terminal.     W  and  W  are  insulated  by  enclosure  in 
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Fig.  145. — Hookham  D.C.  Meter  for  Small  Currents. 
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ebonite  screws.  Except  at  the  top  and  bottom  edges,  the 
cylinder  armature,  which  is  closed  at  the  top,  is  plated 
with  platinum.  Platinum  does  not  form  an  amalgam  with 
mercury,  and  as  a  consequence  the  friction  between  the 
mercury  and  the  rotating  cylinder  is  very  much  less  than 
it  otherwise  would  be.  The  edges  above  mentioned  do 
become  amalgamated,  however,  and  it  is  at  these  points 
that  the  current  enters  and  leaves  the  armature ;  the  cur- 
rent preferring  to  traverse  this  by  reason  of  its  superior 
conductance  as  compared  with  mercury. 

The  armature  A  is  in  the  form  of  an  inverted  cup, 
and  is  mounted  on  the  spindle  B,  turning  on  a  jewelled 
bearing  G,  and  held  in  position  by  the  spring  bearing  D, 
The  latter  consists  of  a  horizontal  spring  with  a  recess 
punched  on  the  under-side  of  its  free  end,  this  recess  form- 
ing a  socket  for  the  pointed  top  of  the  annature  spindle. 
If  left  to  itself,  the  mercury  would  float  the  armature  off 
the  jewelled  bearing  G\  and  to  counteract  this  tendency 
the  spindle  B  carries  two  balance-weights  B  and  Qy  which 
ensure  that  the  armature  shall  just  bear  on  the  steel  pivot 
E,  By  means  \oi  two  fingers  S,  which  are  raised  by  turn- 
ing the  rod  R  by  means  of  a  lever  (not  shown)  which 
hangs  down  the  front  of  the  instrument,  the  armature  may 
be  lifted  oflf  the  jewelled  bearing  during  transit.  The  upper 
balance-weight  B  carries  a  vertical  steel  pin  X,  which 
drives  the  first  wheel  Y  of  the  counting-gear.  The 
mercury  chamber  is  covered  in  at  the  top  by  the  ebonite 
cap  P. 

if.  My  M  is  a  permanent  magnet,  the  circuit  of  which 
is  completed  via  the  soft  iron  pieces  Sly  Sly  SI,  and 
between  the  poles  K  and  L  through  one  side  of  the  arma- 


§  91.]  HOOKHAM  SMALL  B.C.   METER.  263 

ture.  Most  of  the  current,  in  passing  from  W  to  W\ 
traverses  the  left-hand  side  of  the  armature,  from  top  to 
bottom,  finding  that  an  easier  path  than  the  mercury.  In 
consequence  of  this  and  the  strong  magnetic  field  between 
K  and  Z,  the  armature  will  rotate  at  a  rate  proportional 
to  the  current  passing,  and  the  supply  will  be  registered 
by  the  counting-train.  The  parts  T,  T,  T,  T,  are  of  anti- 
mony, this  metal  being  very  diamagnetic,  and  tending  to 
keep  the  magnetic  lines  of  force  to  their  allotted  path 
(Chap.  F7.).  The  chief  reason  why  this  metal  is  used  for 
these  parts,  however,  is  that  it  does  not  amalgamate  with 
mercury.     Ay  it  should  be  noted,  acts  also  as  a  brake. 

The  purpose  of  the  electro-magnet  E  is  to  compensate 
for  the  fluid  friction  of  the  mercury,  and  its  retarding 
effect  on  the  rotation  of  the  armature.  It  does  this  by 
weakening  the  field  in  which  the  armature  rotates,  thus 
enabling  the  latter  to  exercise  greater  turning-effort,  and  to 
overcome  the  retardation  due  to  the  mercury.  The  speed 
with  which  the  armature  turns  depends  on  the  current 
passing  through  the  meter,  and  the  greater  the  speed  the 
greater  is  the  retarding  effect  of  the  mercury.  Thus,  as 
the  latter  increases,  so  also  does  the  opposite  action  of  the 
electro-magnet  E\  which  is  excited  by  the  main  current. 

The  weakening  of  the  field  between  JE'and  L  is  effected 
by  making  the  adjacent  poles  of  E  of  unlike  polarity  to 
those  of  the  permanent  magnet,  this  inducing  some  of 
the  lines  of  the  latter  to  complete  their  circuits  viob  E' 
through  the  intervening  antimony :  while  all  tendency  to 
weaken  the  permanent  magnet  is  avoided.  The  poles  of 
the  electro-magnet  being  bent  fairly  close  together,  E"^  own 
field  does  not  tend  to  stray  upwards. 


264 


ELECTRIC  LIGHTING,  ETC.         [chap.  xiii. 


Fig.  146.— Hookham  A.C.  Meter. 
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92.  The  Hookham  Alternating-Current  Meter.— 
In  §  90  it  was  explained  that  if  a  conducting  disk  be  spun 


Sectjon  below  Disc  A 

Fio.  147.— Hookham  A.C.  Meter. 


Section  above  Disc  A 

Fig.  148.— Hookham  A.C.  Meter. 


in  a  magnetic  field  across  the  lines  of  force,  it  will  ex- 
perience a  continual  braking  force  due  to  the  eddy  currents 
induced  in  it.     Conversely,  a  disk  pivoted  in  a  magnetic 
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field  will  be  set  in  motion  if  the  field  be  rotated.  It  is  on 
both  of  these  principles  that  the  Hookham  alternating- 
current  meter  works,  the  apparatus  acting  virtually  as  a 
single-phase  induction  motor,  such  as  is  described  in  §§  136 
and  137.     It  thus  belongs  to  the  class  of  motor  meters. 

This  instrument,  with  cover  removed,  is  shown  in  Fig. 
146.  The  moving  part  consists  of  a  vertical  spindle  S, 
running  in  a  jewelled  bearing  J,  and  connected  at  the  top 
with  a  train  of  counting-wheels.  To  this  spindle  is  fixed 
an  aluminium  disk  A,  the  rotation  of  which  is  effected  in 
a  manner  about  to  be  described.  Below  the  disk  are  two 
flat  coils  C,  G,  connected  in  series  with  the  terminals  T,  T. 
Through  these  the  main  current  passes.  Fig.  146  gives 
a  side  view  at  G  of  only  one  of  these  coils,  but  they  are 
both  shown  in  plan  in  Fig.  147,  in  which  the  disk  and  upper 
parts  of  the  instrument  are  removed  to  allow  them  to  be 
seen.  Fig.  148  is  another  plan,  with  the  disk  and  upper 
pole-pieces  in  position, 

F  is  a  fine-wire  or  voltmeter  coil  connected  as  a  shunt 
across  the  mains,  its  ends  being  joined  to  terminals  T" 
and.  T,  This  energizes  the  core  K  with  the  adjustable 
pole-pieces  P,  P,  and  one  of  the  latter  carries  a  copper 
strip  S.  A  fuse  is  inserted  in  the  circuit  of  the  shunt- 
coil  at  F,  By  reason  of  the  inductance  of  the  shunt 
circuit,  the  current  therein  lags  nearly  90°  behind  that  in 
the  main  circuit ;  so  that  as  a  consequence  the  field  due  to 
the  magnet  K  and  pole-pieces  P,  P  is  out  of  phase  with, 
and  lags  behind,  that  due  to  the  main  coils  C,  G,  The  way 
in  which  this  causes  the  disk  to  rotate  is  difficult  to  explain 
in  simple  language,  but  we  may  say  that  eddy  currents  are 
first  induced  in  the  disk  by  the  current  in  the  main  coils, 
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which  are  then  immediately  after  acted  upon  by  the  field 
due  to  K,  with  the  result  that  the  disk  is  moved  round  :  for 
it  will  be  remembered  that  a  current-carrying  conductor 
placed  in  a  magnetic  field  tends  to  move  across  it. 

To  prevent  the  disk  turning  at  racing  speed,  it  is  neces- 
sary to  have  a  retarding  or  braking  force.  This  is  sup- 
plied by  the  permanent  horseshoe  magnet  M,  one  end  of 
which  is  clamped  in  the  cast-iron  yoke  Z,  which  supports 
a  pole-piece  p  underneath  the  disk ;  while  the  other  has 
clamped  to  it  an  iron  arm  /  carrying  an  iron  plate  or  pole- 
piece  p\  The  constant  field  between  tljese  pole-pieces 
passes  through  the  disk  and  retards  its  rotation. 

The  rate  of  rotation  of  the  disk  is  proportional  to  the 
watts  being  used  at  any  given  instant ;  and  the  counting- 
train  registers  the  amount  of  energy  consumed  in  B.  o.  T. 
units. 

A  simplified  and  cheaper  form  of  this  meter  is  supplied 
for  currents  up  to  10  amperes. 

93.  The  Aron  Meter. — This,  in  its  original  form,  was 
one  of  the  earliest  of  clock  meters ;  and  since  it  was  first 
introduced  it  has  been  improved  from  time  to  time,  being 
now  very  extensively  used.  It  must  sufiSce  to  describe  the- 
latest  form  of  the  self-winding  watt-hour  or  energy  meter 
for  2- wire  circuits,  though  it  may  be  mentioned  that 
there  are  various  other  types  of  Aron  meter,  for  other 
circuits,  and  for  special  purposes. 

The  electro-mechanical  principle  upon  which  the  action 
of  the  Aron  meter  is  based  may  be  explained  by  the  help 
of  Fig.  149.  Here  C  and  (J  are  two  fixed  coils  in  series, 
through  whicli  the  main  current  is  led  via  the  terminals 
+  and  — .     The  fields  due  to  these  coils  are  indicated  by 
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the  curved  arrows,  and  their  polarity  is  as  shown  by  the 
letters  N  and  S}  Forming  the  bobs  of  two  pendulums  P 
and  P'  are  the  two  flat  coils  h  and  h\  which  are  wound  with 
a  large  number  of  turns  of  fine  wire,  and  are  connected 
in  series  with  each  other,  and  in  shunt  across  the  +  and 
—  leads  of  the  circuit.  Extra  resistance,  in  the  form  of 
one  or  two  fixed  coils,  is  joined  up  in  this  shunt  circuit. 


Fig.  149. — Principle  of  the  Aron  Meter. 


The  pendulum  coils  are  wound  to  have  similar  polarity,  as 
indicated  by  n  s,  n  s. 

As  C  and  C  carry  the  main  supply  current,  and  k  and 
k'  a  current  which  is  proportional  to  the  volts  on  the 
circuit,  they  constitute,  respectively,  the  current  and  pres- 
sure coils  which  are  to  be  found  in  every  watt-hour  meter. 
Considering  the  relative  polarities  of  the  fixed  and  swing- 
ing coils,  it  will  be  clear  that  the  iV"  pole  of  C,  acting  on 

^  The  direction  of  the  winding  of  the  right-hand  coil  is  wrongly 
drawn. 
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the  s  pole  of  k,  will  tend  to  bring  it  to  rest ;  and  will  thus 
assist  the  action  of  gravity,  and  accelerate  the  oscillations 
of  P.  Those  of  P\  on  the  other  hand,  will  be  retarded ; 
for  the  S  pole  of  C  will  repel  the  s  pole  of  k\  and  thus  act 
against  gravity,  causing  the  oscillations  of  F'  to  be  slower. 

The  forces  acting  on  the  pendulums  at  any  moment 
are  proportional  to  the  watts  being  consumed,  and  the 
ditferepce  in  rate  between  P  and  P  is  communicated  to 
tlie  counting-dials  through  special  clock-gear.  As  both  fixed 
and  moving  coils  have  non-magnetic  cores,  their  self-induc- 
tion is  very  small ;  so  that  when 
an  alternating  supply  is  being 
measured,  the  relative  polarity 
of  the  coils  at  any  given  instant 
is  always  the  same. 

The  meter  about  to  be  de- 
scribed has  two  sets  of  clock- 
work, which  are  regulated  re- 
spectively  by  the  pendulums  ^rii^fft're^tti^^^^^^^^^^ 
P  and  -P  (Fig.  149);  driving- 
power  for  both  "  clocks  "  being  obtained  from  one  spring, 
which  is  automatically  "  wound  up  "  at  frequent  intervals 
by  an  electro-magnetic  device.  The  clockwork  is  in  motion 
all  the  time  the  meter  is  in  circuit ;  even  when  no  current 
is  being  used. 

Before  referring  to  the  complete  mechanism,  attention 
must  be  called  to  the  differential  gear  illustrated  in  Fig. 
150 ;  one  such  gear  being  employed  to  convey  the  driving- 
power  from  the  common  spring  to  the  two  sets  of  clock- 
work ;  and  another  to  measure  the  diflference  in  rate  between 
the  latter,  and  register  the  same  upon  the  dials.     In  Fig. 
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150,  the  spindle  S,S  has  an  arm  A  fixed  to  it,  iHiis  arm 
carrying  at  one  end  a  loose  pinion  or  planet-wheel  P,  and 
at  the  other  a  balance- weight  B.     Turning  loosely  on  S  ,/S, 

and  gearing  with  F,  are  two 
crown  wheels  G,  (7,  which  in 
their  turn  are  connected  with 
other  portions  of  the  wheel- 
work  through  the  radial  teeth 
cut  on  their  circumference. 

The  spindle  of  one  such 
differential  gear  is  rotated  by 
the  electrically-coiled  spring 
already  referred  to,  and  gives 
motion  through  G  and  C"  to 
the  two  sets  of  clockwork. 
The  two  clocks  drive  the  crown 
wheels  of  the  second  gear,  and 
the  difference  in  their  speeds 
causes  the  pinion-shaft  and 
S,  S  to  rotate,  this  motion 
being  directly  communicated 
to  the  counting-train  of  the 
meter.  In  this  second  case  it 
should  be  noted  that  the  rota- 
tion of  S,S  is  proportional  to 
the  difference  in  the  speed  of  G 
and  G",  which  turn  in  opposite  directions.  Thus,  supposing 
the  two  pendulums  were  oscillating  at  the  same  rate,  there 
would  be  no  movement  whatever  of  P  or  S,  S, 

The  actual  meter,  with  cover  removed,  is  depicted  in 
Fig.  151.      At  the  lower  part,  just  above  the  terminal 


5 

Fio.  151. — Aron  Meter. 
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blocks,  will  be  seen  the  fixed  main  coils,  and  above  tliese 
the  smaller  pendulum  coils.  The  clockwork  is  all  behind 
the  registering-dials,  and  from  the  centre  of  the  dial-plate 


Fia.  152. — Aron  Meter  (Winding-Gear). 

hangs  a  plumb-bob  for  enabling  the  instrument  to  be  set 
perfectly  vertical.  Immediately  above  the  dials  will  be 
noticed  the  actuating  coil  of  the  winding-gear  illustrated 
in  the  next  figure ;  and  on  the  right  and  left  of  this  are 
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Fig, 


A(5) 


bobbins   carrying    the   extra   shunt  resistance   which   is 
joined-up  in  series  with  the  penduhim  coils. 

In  describing  the  apparatus  in  detail  we  will  start  with 
the   electro-magnetic   winding-gear,   which   is   shown   in 
152. 
This  consists  of  a  laminated  electro-magnet  M  with  one 
exciting-coil  C,  which  is  fixed  on  the  yoke.     In  the  gap 

between  the  pole-pieces  of  this 
magnet  is  an  armature  A^  con- 
sisting of  a  Z-shaped,  unwound 
laminated  iron  core,  front  and 
edge  views  of  which  are  given  in 
Fig.  153.  This  armature  is  only 
allowed  to  turn  through  an  angle 
of  about  75°,  and  is  mounted 
loosely  on  the  spindle  S,  When 
the  magnet  is  excited,  the  arma- 
ture rotates  in  the  direction  shown 
by  the  curved  arrows ;  attraction 
in  the  opposite  direction  being 
prevented  by  cutting  off  the 
trailing  horn  or  tip  of  the  right- 
hand  pole-piece  of  the  magnet.  The  spindle  S,  about  which 
the  rotor  turns,  is  directly  connected  with  the  arbor  K, 
which  drives  the  two  clocks,  and  which  is  shown  in  Figs, 
154,  155,  156,  and  158. 

The  coil  0  (Fig.  152)  is  joined  in  shunt  across  the 
mains,  and  the  current  in  it  is  only  kept  on  for  a  fraction 
of  a  second,  just  long  enough  to  enable  the  armature  to 
turn  through  its  appointed  angle.  The  object  of  this 
operation  is  to  put  tension  on  the  power  spring  G,  the 


Fig.  153.— Armature  of 
Winding-Gear. 
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right-liand  end  of  which  is  fixed  to  a  stud  carried  by 
the  armature,  while  the  other  is  attached  to  the  frame- 
work. The  ratchet-wheel  r,  which  is  attached  to  the 
spindle  S,  is  prevented  from  following  the  motion  of  the 
armature  by  the  pawl  p^ ;  but  durinof  the  slow  return 
motion  of  the  armature  the  pawl  />2,  which  is  fixed  to  it, 
will  cause  r,  together  with  the  spindle  S,  to  follow  this 
motion.  The  spring  G,  which  causes  this  return  motion 
of  the  armature,  thus  rotates  S  and  supplies  the  driving- 
power  for  the  two  clocks.  During  the  short  interval  that 
the  armature  is  winding  up  the  spring  (?,  the  clocks  are 
driven  by  the  helical  sprirg^Si  (Fig. 
154),  which  also  acts  as  a  flexible 
connection  between  the  spindle  S  q 
and  the  arbor  K  (Figs.  154,  155,  ^ 
156,  and  158). 

The  magnet  current  enters  at  ^^ncUnglGear'^d  ciTckwork^ 
l^  (Fig.  152),  passes  through  coil 

C  to  screw  rf^,  then  through  the  spring  G  to  the  knee  IC^ 
and  contact-pin  p^  on  A,  From  this  it  passes  through  the 
rocking  contact-piece  q^  and  flexible  wire /g,  and  out  at  i^  to 
the  shunt  terminal  of  the  meter.  The  magnet  circuit  is 
automatically  closed  and  opened  by  the  rocking  contact- 
piece  just  mentioned.  This  consists  of  a  fork  with  two 
prongs  q^  and  q^.  The  former  is  a  nickel  plate,  and  the 
latter  is  made  of  insulating  material  with  a  small  nickel  plate 
attached  to  it  for  the  silver  contact-pin  p^  to  bear  against 
when  the  circuit  is  open.  The  body  of  the  fork  is  made 
of  brass,  and  is  pivoted  on  the  centre  /Sg-  The  contact- 
pin  p^  is  attached  to  but  insulated  from  the  armature,  and 
during  the  winding-up  movement  of  the  latter  it  will  press 

T 
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against  the  prong  q^,  thus  allowing  current  to  pass  and  at  the 
same  time  forcing  the  switch-fork  over  to  the  left.  Contact 
between  ^3  and  q^  will  be  maintained,  and  the  current  will 
flow,  until  the  centre  line  of  the  fork  has  passed  the  axis 
of  the  spring  S^ ;  at  which  moment  the  fork  will  by  S^  be 
pulled  further  over  to  the  left,  q^  leaving  p^y  which  will 
then  bear  against  q^,  the  circuit  being  thus  broken.  The 
contact  between  pin  p^  and  the  prong  q^  is  a  rubbing  one, 
so  that  the  surface  of  the  contact  is  kept  clean.  The  pin 
p^  carried  by  the  armature  limits  its  motion  in  either 
direction,  and  it  also  ensures  good  contact  between  pin  p^ 
and  prong  q^  at  the  proper  time. 

In  the  position  shown  in  the  figure,  jh  i^  bearing  against 
an  insulating  block  carried  by  the  switch-fork,  and  the 
prong  q.^  of  the  latter  may  be  supposed  to  have  just  made 
contact  with  ^3.  Current  will  then  energize  the  magnet, 
and  the  armature  will  move  rapidly  in  a  clockwise  direc- 
tion, as  shown  by  the  curved  arrows,  until  jf^  strikes  against 
the  fixed  padded  buffer  ^g,  tension  being  thus  put  on  the 
driving-spring  G.  The  circuit  is  then  broken  as  above 
described,  and  the  armature,  etc.,  will  slowly  rotate  in  a 
left-handed  or  counter-clockwise  direction  until  it  again 
reaches  the  position  shown  in  the  figure,  when  the 
winding-up  process  will  be  repeated.  When  the  meter  is 
in  action,  this  winding-gear  comes  into  operation  every 
half-minute. 

As  already  mentioned,  the  actuating  coil  C  and  part  of 
the  magnet  of  the  winding-gear  (Fig,  152)  can  be  seen 
just  above  the  counting-dials  in  Fig.  151.  In  the  direct- 
current  meter,  this  coil  is  provided  with  an  insulated 
copper  sheath  to  lessen  the  sparking  between  p^  and  q^  at 
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each  break  of  the  circuit.  This  it  does  by  acting  as  a  sort 
of  secondary  coil  on  which  the  lines  of  G  collapse,  and  in 
which  current  is  thereby  induced.  The  inductance  of  G, 
and  the  sparking  at  the  contacts  due  thereto,  are  con- 
sequently reduced. 

We  have  now  to  see    how  the  driving-power  of  the 
spindle  S  (Figs.  152  and  154)  is  communicated  to  the 


Fig.  155. — Aron  Meter  (Clockwork). 


two  clockworks  or  escapements  governed  by  the  two 
pendulums.  The  method  of  connection  between  S  and  K 
is  shown  in  Fig.  154,  and  K  may  also  be  seen  in  Figs.  155 
and  156,  which  give  respectively  a  plan  and  elevation  of 
the  two  escapements  and  the  counting-train,  the  latter 
figure  also  showing  the  pendulums. 

On  the  shaft  iT  (Figs.  155  and  156)  is  mounted  the 
planet-wheel  b^  of  the  first  differential  gear,  which  was 
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separately  shown  in  Fig.  150.  The  two  crown  wheels 
/j  and  /g  of  this  differential  gear  receive  motion  from 
&2,  and  each  is  geared  with  a  clock-train  having  an  escape- 
ment and  a  pendulum.  Thus/^  is  geared  with  escapement 
tj,  and  /g  with  i^ ;  p^  and  p^  heing  the  two  pendulums, 
which  are  pivoted  at  h^  and  h^,  and  have  coils  k,  k'  for 
their  bobs  as  already  described. 

The  other  end  of  each  of  the  two  clock-trains  is  connected 
with  a  second  differential  gear,  which  is  mounted  on  the 
arbor  q.  The  two  crown  wheels  v^  and  v^^  thereof  turn 
in  opposite  directions,  and  thereby  move  the  planet-wheel 
q^     v^  is  shown  dotted  as  it  is  really  in  front  of  q^ 

If  the  two  pendulums  were  to  beat  in  unison,  v^  and  v^ 
would  rotate  at  the  same  rate,  and  the  arbor  q  would  not 
be  turned.  But  as  pendulum  p^  is  accelerated  and  gains 
n  beats  per  second,  while  ^g  ^s  retarded  and  loses  n^  beats 
per  second ;  the  speed  of  v^  is  increased,  and  that  of  v^ 
diminished,  in  proportion  to  n  and  n^  respectively.  Hence 
the  arbor  will  be  turned  with  an  angular  velocity  propor- 
tional to  n  +  7ip  In  other  words,  the  motion  of  q  will 
be  proportional  to  the  difference  in  rate  of  the  two  clock- 
trains.  As  the  arbor  q  is  connected  with  the  counting- 
gear  M,  the  registration  on  the  dials  2?  will  be  proportional 
io  n  +  n^. 

The  next  part  of  the  meter  to  be  described,  viz.  its 
reversing-gear,  of  which  no  mention  has  been  made  so  far, 
has  for  its  object  the  elimination  of  the  errors  due  to 
mechanical  and  electro-magnetic  deviations  of  the  pendu- 
lums. This  is  effected  by  reversing  the  current  in  the  two 
pendulum  coils  every  ten  minutes,  and  at  the  same  time 
reversincr  the  connection   between   the    clocks   and    the 
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Fig.  156. — Aron  Meter  (Clockwork  and  Pendulums). 
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counting-train.  The  parts  of  the  apparatus  by  which  this 
object  is  attained  are  shown  in  Figs.  155  to  158. 

Between  arbors  Z  and  if  is  a  third  one,  not  shown, 
which  carries  a  wheel  and  a  pinion.  The  wheel  is  in  gear 
with  pinion  a,  and  the  pinion  with  wheel  d,  which  is  loosely 
mounted  on  arbor  Z,  Wheel  k^  is  fixed  on  Z  and  gears 
into  pinion  x^ ,  which,  together  with  the  reversing  com- 
mutator Xy  is  fixed  on  arbor  a-g  (Fig.  158). 

The  wheel  d  carries  a  disk  and  crank-pin  ni^y  to  which  is 
attached  one  end  of  the  watch-spring  r,  the  barrel  e  of 
this  spring  being  fixed  on  z.  The  wheel  c?  is  turned  by  the 
motion  of  arbor  K,  and  causes  the  crank-pin  m^  to  wind 
up  the  spring  r;  the  latter  being  released,  in  a  way  to  be 
presently  described,  three  times  during  each  revolution  of 
d,  the  time  between  two  consecutive  releases  being  ten 
minutes.  Every  time  r  is  released,  the  arbor  Z  turns 
through  one-third  of  a  revolution  ;  while  the  arbor  x.^ 
with  the  commutator  thereon  turns  through  one-half  of  a 
revolution. 

There  are  four  brushes,  1,  2,  S  and  ^  in  contact  with 
this  commutator,  2  and  S  being  connected  with  the  small 
wires  leading  to  the  pendulum  coils,  and  1  and  ^  with  the 
shunt  terminals  of  the  meter.  With  the  commutator  in 
the  position  shown  in  Fig.  158,  the  current  flows  from  one 
terminal  through  4  to  S,  then  through  the  pendulum  coils 
back  to  2j  then  to  1,  and  thence  back  to  the  other  terminal. 
In  the  other  position  of  the  commutator,  the  current  will 
go  from  ^  to  2,  then  through  the  pendulum  coils  to  3^  and 
thence  to  1,  The  direction  of  the  current  through  the 
pendulum  circuit  is  thus  periodically  reversed. 

The  release  of  the  spring  r  is  effected  in  the  following 
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manner.  On  the  circumference  of  the  disk  carrying  the 
crank-pin  mj  are  fixed  three  equidistant  pins  w,  w,  each 
of  which  will,  when  it  is  in  the   right  position,  lift  the 


Fig.  157.— Aron  Meter  (R?versing-Gear). 


lever  /^  Two  of  these  pins  only  are  shown  in  the  figure. 
Lever  L^y  which  locks  the  arbor  Z,  and  which  is  attached 
to  the  same  arbor  as  /^  will  therefore  also  be  lifted.  Arbor 
Z  will  thus  be  unlocked,  and  the  spring  r  will  exert  its 
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force  and   turn   it,  thus    reversing   the    current    in   the 
pendulum  coils. 

With  each  such  reversal  of  the  current,  which,  as  already 
explained,  is  for  the  purpose  of  eliminating  errors,  the 
pendulum  which  just  before  the  reversal  was  retarded 
will  be  accelerated,  and  that  which  was  previously  accele- 
rated will  be  retarded.     Thus  in  two  periods  of  reversal 


P^      ^2 


Fia.  158. — Aron  Meter  (Reversing-Gear). 

the  differential  gear  connecting  the  two  clocks  with  the 
counting-train  will  turn  first  in  one  direction  and  then 
in  the  other.  It  thus  becomes  necessary  periodically  to 
reverse  the  connection  of  this  differential  gear  with  the 
counting-train,  so  that  the  revolution  of  the  latter  may 
always  be  in  the  same  direction. 

The  mechanism  for  effecting  this  is  chiefly  shown  in 
Fig.  157. 

F—Fi  is  a  lever  with  its  fulcrum  at  Zi^  spindles  g  and 
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gi  being  fixed  near  the  ends  of  this  lever.  These  spindles 
carry  the  two  loosely-mounted  wheels  ^and  Uj,  On  the 
bent  end  F  of  the  lever  are  fixed  two  thin  flat  springs 
Ti  and  rg,  and  between  these  the  pin  ^4  of  the  crank  Wg  is 
mounted.  In  the  position  shown  this  crank-pin  presses 
against  spring  rg,  and  the  wheel  JSi  gears  into  wheel  Si 

At  the  next  release  of  the  watch-spring  r  (Fig.  158), 
the  arbor  ajg  will  turn  through  half  a  revolution,  and  the 
position  of  the  crank-pin  ^^^  will  be  diametrically  opposite 
to  that  shown  in  Fig.  157.  During  this  motion,  the  pin 
will  press  against  spring  ri,  and  will  throw  the  lever  i^—i^i 
over  and  so  cause  wheel  £  to  gear  into  wheel  S,  the 
wheels  U^  and  aS^^  being  at  the  same  time  brought  out  of 
gear.  The  angular  motion  of  lever  F—F^  is  limited  by 
the  two  stop-pins  y. 

The  small  wheel  d^  is  loosely  mounted  on  the  arbor  z-^y 
about  which  lever  i^—^j  turns;  and  this  wheel  is  always  in 
gear  with  wheels  F  and  E^,  The  wheel  d^  is  fixed  on  the 
arbor  q  of  the  second  dififerential  gear  (Fig.  156),  and 
works  into  a  pinion  on  the  arbor  of  wheel  Sr^.  d^  is 
the  first  wheel  of  the  counting-train,  and  it  will  be  clear 
that  it  will  continue  to  turn  in  the  same  direction,  even 
if  the  direction  in  which  wheel  d^  turns  be  changed,  as 
the  lever  F—F^i^  thrown  over  at  the  same  moment.  The 
reversal  of  the  current  and  the  change  in  the  position  of 
the  lever. are  effected  simultaneously;  the  commutator 
and  the  crank  m^  being  fixed  on  the  same  arbor. 

The  internal  and  external  connections  of  the  2-wire 
Aron  meter  are  given  in  Fig.  159 ;  SW  being  the  service 
wires,  and  D  the  distribution-board.  T,  T  are  the  main 
and   t,  t   the   shunt  terminals,  one   of  the  latter   being 
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connected  to  the  adjacent  main  terminal,  with  a  fuse  F 
interposed.  C  and  (7  are  the  fixed  main  coils,  which  are 
shown  also  in  Figs.  149  and  151 ;  and  k  and  F  the  pendu- 
lum coils,  the  two  wires  leading  to  each  of  the  latter  run- 
ning down  alongside  each  pendulum  rod.    R  and  R  are  the 

extra  resistances 
inserted  in  the 
pendulum  cir- 
cuit; and  the 
re  vers!  ng-s  witch 
B  S  stands  for 
the  reversing- 
com  mutator 
above  described. 
M  is  the  coil 
of  the  electro- 
magnet operat- 
ing the  winding- 
gear,  this,  it  will 
be  noticed,  form- 
ing a  second 
shunt  circurit 
across  S  W, 

It    might   be 

thought,       from 

description,,  that    the 

complicated    piece    of 

to   get   out   of    order; 

as   may  be  gathered 

It  is  evidently  not 


FiQ.  159. — Connecfcion  of  Aron  Meter  to  2-wire  Circuit. 


the    length    and    detail   of    this 

Aron    meter    was    an    extremely 

apparatus,   and   one    very   liable 

but  such   is   not   really    the   case, 

from  the  extent  to  which  it  is  used. 

nearly  so  simple  as  some  of  those  previously  described, 
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but  it  has  many  advantages,  and   is  very  reliable  in  its 
indications. 

94.  The  Johnson  and  Phillips  Meter. — This  clock- 
work meter,  which  is  for  use  on  direct-current  circuits, 
acts  on  what  is  known  as  the  intermittent  integrating 
principle;  the  value  of  the  current  passing  being  taken 
every  half-minute,  and  the  successive  values  duly  inte- 
grated or  added  up,  and  registered  by  the  counting-gear. 
The  mechanism  may  be  divided 
into  three  parts,  viz.  : — 

{a)  An  electrically-started  and 
operated  pendulum. 

ih)  An  ammeter. 

(c)  The  integrating  mechanism 
and  counting-train. 

An  external  view  of  the  meter 
is  given  in  Fig.  160,  the  ammeter 
pointer  and  scale  being  seen  at 
the  top,  and  the  counting-dials 
below.  The  centre  pointer  of  the 
latter  indicates  Board  of  Trade 
units  and  tenths  of  a  unit  on  the 
large  scale,  and  the  five  smaller  dials  respectively  10s, 
100s,  1000s,  10,000s,  and  100,000s.  This  meter  differs 
from  all  others  described  here,  in  that  the  ammeter  enables 
the  demand  at  any  given  time  to  be  noted. 

Figs.  161  and  162  give  front  and  back  views  respectively 
of  the  interior.  P  is  an  aluminium  pendulum  rod  pivoted  at 
j9,and  fitted  with  a  lead  bob  Z,the  height  of  which  is  adjusted 
by  means  of  the  nuts  N,  The  pendulum  rod  carries  a  roller 
jB,  which  is  embraced  by  a  piece  of  bent  wire  W^  fixed  to  the 


Fig.  160. — John.son  and  Phillips 
Meter  (Exterior). 
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Fig.  161. — Johnson  and  Phillips  Meter  (Interior). 
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Fio.  162. — Johnson  and  Phillips  Meter  (Interior). 
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loosely-hinged  armature  of  the  electro -magnet  K  The  coils 
of  this  magnet,  together  with  the  extra  resistance  r,  which 
is  wound  round  insulating  supports  on  the  arms  of  the 
cross-piece  0,  are  joined  up  in  shunt  to  the  opposite  leads 
of  the  supply  mains,  through  the  terminals  t  and  T  -^; 
T  +  and  T—  being  the  main  terminals.  Between  E  and  t, 
however,  is  interposed  an  ingenious  make-and-break  device 
operated  by  the  pendulum  itself;  current  being  periodically 
sent  through  E,  causing  the  armature  to  be  attracted,  and 
W  to  give  a  fresh  impulse  to  the  pendulum.  This  make- 
and-break  consists  of  two  contact  springs  C  P  making 
contact  at  k,  the  upper  spring  carrying  a  block  which, 
according  as  the  pendulum  is  oscillating  at  or  less  than 
its  normal  amplitude,  is  either  passed  over  or  depressed  by 
a  steel  toggle  s  pivoted  on  the  pendulum  rod. 

The  details  of  this  arrangement  are  more  clearly  shown 
in  Fig.  164.  Here  h  is  the  point  of  contact  between  the 
two  springs  C  P,  P  the  pendulum  rod,  s  the  steel  toggle, 
and  B  the  block  fixed  on  the  top  spring;  four  positions  of 
these  being  shown,  as  at  (a)  to  (d).  The  block  ^,it  should 
be  observed,  has  a  raised  edge  e  on  the  right-hand  side, 
and  a  notch  n  on  the  left-hand  side.  Before  the  meter  is 
connected  to  the  circuit,  and  unless  the  pendulum  is  held 
on  one  side  by  a  clutch  provided  for  the  purpose,  for  use 
when  moving  the  meter ;  or  when  it  is  purposely  put  out 
of  action ;  the  state  of  things  is  as  at  a,  the  toggle  catch- 
ing in  the  notch  and  forcing  the  springs  together. 
When  the  meter  is  connected  with  the  circuit,  current  will 
pass  round  the  electro-magnet,  and  the  pendulum  will  be 
set  swinging  in  the  way  already  explained.  As  long  as 
the  necessary  amplitude  of  swing  is  maintained,  the  toggle 
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will  simply  slip  backwards  and  forwards  over  the  block  B 
without  depressing  it,  as  at  h  and  c.  When  the  pendulum 
is  coming  to  rest,  and  s  will  not  slip  past  e  on  the  swing 


Fig.  163. — Johnson  and  Phillips  Meter  (Details). 

to  the  right,  it  will  engnge  in  n  on  the  swing  to  the 
left,  thus  forcing  the  springs  together,  and  causing  another 
momentary  impulse  current  to  flow.  These  impulses  take 
place  every  few  seconds, 
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The  swinging  of  the  pendulum  operates  a  rocking  lever 
Sf  pivoted  aty,  by  means  of  a  roller  /  (Fig.  161).  At  the 
right-hand  end  of  the  lever  hangs  a  pawl  p",  engaging  with 
the  ratchet-wheel  E  W.  When  the  pendulum  swings  to 
the  left,  the  pawl  drops  and  engages  in  the  next  lower  tooth 
of  the  ratchet-wheel ;  and  when  it  swings  to  the  right,  / 
forces  p"  up,  and  R  W  round.  The  latter  consequently 
moves  forward  one  tooth  with  every  complete  swing  of  the 
pendulum;  and  as  the  wheel  has  thirty  teeth,  and  the 
pendulum  beats  seconds,  It  W  consequently  makes  one 
complete  revolution  every  half-minute.  Fixed  on  the 
same  spindle  as  B  TF  is  a  crank  K  which  operates  the 
integrating  mechanism,  in  a  way  to  be  presently  described. 

The  amnieter  consists  of  a  vertical  coil  of  thick  wire  V 
connected  between  T  +  and  T— .  Suspended  from  one  end 
of  an  aluminium  cross-bar  or  beam  A,  is  a  piece  of  thin  iron 
wire  /,  which  acts  as  the  ammeter  armature.  A  and  the 
ammeter  pointer  A  P  are  fixed  on  a  horizontal  steel  spindle 
set  in  jewelled  bearings.  At  each  end  of  the  spindle  is 
fixed  a  fine  spiral  spring  of  phosphor  bronze ;  the  ten- 
dency of  these  springs  being  to  draw  the  armature  / 
out  of  the  coil,  and  keep  the  pointer  at  the  zero  position. 
It  is  against  this  tendency  that  the  ammeter  current  acts. 

The  integrating  mechanism  is  shown  separately  in  Fig. 
163,  as  it  can  only  partly  be  seen  in  Figs.  161  and  162. 
Here  R  W  and  K  are  the  ratchet-wheel  and  crank  already 
referred  to,  and  ^  P  is  the  ammeter  pointer.  R!'  is  a 
rocking  lever,  which  at  its  heaviest  end  carries  a  notched 
pawl  engaging  with  the  smooth  edge  of  the  aluminium 
wheel  A  W,  which  may  be  considered  as  the  first  wheel 
of  the  counting-train.     This  pawl  forces  ^  JTjij  a  right- 
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handed  direction,  as  indicated  by  the  curved  arrow;  its 
movement  in  the  reverse  direction  being  arrested  by  the 
notched  detent  D.  Fixed  at  right  angles  with  B"  is  an 
arm  A\  the  bent  end  of  which  bears  against  the  side  of 
the  ammeter  pointer  A  P.  K  has  an  arm  a  at  one  end, 
and  every  half-minute  this  bears  against  the  upper  side 


Fm.  164.— Johnson  and  Phillips  Meter  (Details). 

of  S\  and  moves  it  to  its  zero  position ;  the  extent  of  this 
movement  depending  on  the  position  of  A  P,  that  is  to 
say,  on  the  current  passing ;  and  being  registered  by  a 
corresponding  movement  of -4  IFand  its  counting-gear. 

Starting  from  the  firm  line  position  oiAP  shown  in  Fig. 
163,  we  will  suppose  that  the  current  deflects  it  to  the  ex- 
tent of  twenty  amperes,  as  indicated  by  the  dotted  position. 
As  a  moves  round,  the  curved  end  of  22"  being  the  lighter, 
rises ;  and  A'  follows  -4  P  to  its  deflected  position.     As  a 

u 
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moves  down  on  the  right  from  its  dotted  position,  it  bears 
on  jB",  and  forces  it  down  again  to  zero.  The  revolving 
crank  ^also  operates  a  clip  GL  (Figs.  161  and  162)  which 
alternately  locks  and  releases  A  P.  Thus,  to  start  with, 
^  Pis  free  to  indicate  the  passing  current,  it  is  then  locked 
by  CL  to  prevent  A\  which  is  following  it  up,  from  moving 
it  over  further.  Then  A'  having,  so  to  speak,  noted  the 
deflection  of  A  P,  and  jB"  and  the  pawl  being  moved  back 
in  order  to  record  the  same ;  A  P  is  released  for  a  few 
seconds  to  enable  it  to  take  note  of  any  variation  of  the 
current,  and  is  then  clamped  once  more. 

This  cycle  of  operations  takes  place  every  half-minute, 
and  the  action  of  the  integrating  mechanism  may  be  other- 
wise explained,  by  saying  that  the  counting-train  is  operated 
twice  every  minute,  to  an  extent  proportionate  to  the 
ammeter  deflection  at  the  time  being. 

If  no  current  be- passing  in  the  main  circuit,  the  ammeter 
needle  remains  at  zero,  and  no  movement  of  i2"  or  of  the 
counting-train  takes  place.  The  pendulum,  however,  i? 
swinging  all  the  time,  as  the  shunt  circuit  is  permanently 
connected  to  the  +  and  —  leads.  An  apparent  improve- 
ment would  be  to  insert  an  extra  contact  in  the  shunt 
circuit,  which  would  remain  open  so  long  as  no  current  was 
being  used,  and  thus  obviate  needless  wear  and  tear  of  the 
pendulum  mechanism.  This,  however,  has  been  tried,  but 
without  success,  the  sensitiveness  of  the  meter  on  light 
loads  being  reduced  thereby. 

95.  Special  Meters. — The  meters  already  described, 
when  used  on  3-  or  5-wire  systems,  are  connected  in  cir- 
cuit in  a  special  manner,  or  else  modified  in  construction. 
Alternating-cuiTent  meters,  when  employed  on  pol}'phase 
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circuits,  also  need  special  connection  or  modification.  Their 
functions  as  energy  or  quantity  meters,  i.  e.  as  watt-hour  or 
ampere-hour  meters,  however,  remain  unchanged. 

There  are  a  few  special  kinds  of  meter,  some  of  which 
may  be  briefly  described  here.  The  hoicr  meter  is  virtually 
an  electrically-actuated  clock,  which  simply  records  the 
number  of  hours  the  current  has  been  used,  without  taking 
into  account  the  value  of  the  current,  or  any  variation 
thereof.  Such  are  sojnetimes  employed  in  cases  where 
the  number  of  lamps  alight  is  practically  constant;  as  in 
small  offices,  hotel  bedrooms,  etc.,  or  in  connection  with 
inotoi'S.  These  meters  are  naturally  less  expensive  than 
quantity  or  energy  meters. 

When  the  supply  is  charged  for  at  two  rates,  accord- 
ing as  the  consumption  takes  place  during  the  hours  of 
light  or  heavy  load ;  2-rate  or  day  arid  night  load  meters 
are  made  use  of.  The  counting  mechanism  is  driven  at  a 
lower  rate  during  the  light  load  hours,  and  at  a  quicker 
rate  during  those  of  heavy  load.  The  difference  between 
the  two  rates  is  proportional  to  the  difference  in  the 
charges,  the  units  indicated  by  the  counting-gear  being 
charged  at  one  uniform  price. 

Battery  meters  are  for  use  with  secondary  batteries,  and 
are  arranged  in  various  ways.  In  one  form,  a  pointer 
moves  in  one  direction  over  a  scale  during  charge,  and 
in  the  opposite  direction  during  discharge,  indicating  either 
ampere  hours  or  B.  o.  T.  units.  Thus  the  condition  of  the 
battery,  during  charge  or  discharge  may  be  seen  at  a 
glaace.  Another  type  of  battery  meter  has  two  sets  of 
dials,  one  indicating  the  number  of  units  absorbed  in 
charging,  and  the  other  the  number  given  out  on  discharge. 
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This  latter  arraDgement  may  also  be  effected  by  joining 
up  two  ordinary  meters  in  series,  but  in  opposition ;  one 
meter  being  actuated  only  by  the  charging  current,  and 
the  other  only  by  the  discharging  current. 

*96.  The  Maximum-Demand  System  of  Charging. — 
What  is  known  as  the  Trtcmmitm-dentand  system  of 
charging  for  electricity  supply,  is  very  largely  adopted  all 
over  the  country,  and  bids  fair  to  become  the  standard 
method  of  charging.  According  to  this  system,^  a  certain 
number  of  the  total  units  registered  by  the  ordinary  meter 
are  charged  for  at  a  first  or  full  price,  and  the  remainder 
at  a  second  or  reduced  price.  Tiie  number  to  be  charged 
at  the  full  price  is  the  greater,  the  greater  the  maximum 
current  that  has  ever  been  used  by  the  consumer  at  any 
time  during  the  quarter ;  and  depends  also  on  whether  the 
full-priced  consumption  is  to  average  ^,  1,  1^  or  more 
hours  per  day,  this  varying  in  different  towns  and 
districts. 

As  an  example,  suppose  that  during  one  quarter's  work- 
ing, a  consumer  drew  a  maximum  of  6  amperes  through 
his  meter.  If  the  supply  pressure  is,  say  250  volts,  this  is 
equivalent  to  1500  watts,  and  represents  his  maximum 
power-demand.  If,  in  his  particular  town  or  district,  the 
rule  is  that  the  maximum  demand  shall  average  1|  hours 
per  day  ;  multiplying  1500  x  1^  gives  2250  watt-hours,  or 
2i  Board  of  Trade  units  as  the  daily  average.  Taking  the 
91  days  in  a  quarter,  2J  x  91  or  205  will  represent  the 
ntimber  of  units  to  be  charged  at  the  first  price.  Suppose 
the  full  price  is  Id.  and  the  reduced  price  2d.^  and  that 

^  For  a  fuller  explanation,  the  reader  may  be  referred  to  an  article 
by  the  Author  in  the  Electrical  Review  for  Makh  2,  1900,  p.  370. 
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his  total  consumption  during  the  quarter  was  319  units, 

his  hill  will  then  be  as  follows  : — 

Units.  £   8.  d. 

Total  consumption  =  311> 
Units  at  1st  price   =  205  @  7d.  =  5   19  7 
Units  at  2nd  price  =  114  @  2d,  =  0  19  0 

Total    .     £6  18  7 


In  his  Eled^nc  Wiring  Tables^  the  Author  gives  a  special 
table  for  facilitating  the  apportioning  of  the  units  con- 
sumed at  the  fifst  and  second  prices  respectively. 

Instruments  for  registering  the  greatest  current  ever 
taken  during  any  given  period  are  called  maximum^ 
demand  indicatm^s,  or  simply  rf^wiaiwi  indicator's;  and  two 
forms  of  such  are  described  in  the  following  paragraphs. 
Such  are  also  termed  rebate  indicators,  from  the  fact  that 
the  rebate  or  reduction  in  the  charge  for  supply  depends 
upon  their  indications. 

*97.  The  Wright  Demand  or  Rebate  Indicator. — 
This  is  an  instrument  for  ascertaining  a  consumer's  maxi- 
mum demand,  as  required  by  the  system  of  charging  just 
described.  Its  indications  are  brought  about  by  the  heating 
eflfect  of  the  current,  and  it  is  consequently  available  for 
use  on  both  alternating-  and  direct-current  circuits. 

The  essential  parts  of  the  apparatus  are  illustrated  by 
the  sketch  in  Fig.  165.  Here  T,  T  is  an  hermetically-sealed 
[J -tube,  with  bulbs  at  B  and  F,  and  a  branch  tube  t ;  T  T 
being  partly  filled  with  sulphuric  acid.  The  main  current 
entering  and  leaving  by  the  terminals  Te^  Te,  passes 
round  a  heating  strip  S  of  high-resistance  metal,  th^ 


294 


ELECTRIC  LIGHTING,  ETC.  [chap.  xiii. 


latter  making  one  or  more  turns  round  the  bulb  B,  accord- 
ing to  the  range  of  the  instrument.  When  current 
passes,  the  air  in  B  is  heated  and  expands,  and  the  liquid 
is  forced  down  the  left-hand  leg  of  the  [J-tube,  and  up 
the  right-hand  one,  till  at  length  some  of  it  overflows  into 
the  registering-tube  t. 

Suppose  that  early  in  the  quarter 
a  current  of  five  amperes  passes 
round  the  circuit,  B  will  heat  up 
to  a  certain  extent,  and  a  propor- 
tionate amount  of  liquid  will  over- 
flow into  t,  and  will  remain  there. 
As  long  as  the  future  demand 
does  not  exceed  five  amperes, 
there  will  be  no  further  overflow 
into  t ;  but  if  on  a  certain  night 
the  maximum  demand  reaches, 
say,  seven  amperes,  more  of  the 
liquid,  equivalent  to  the  extra  two 
amperes,  will  run  over  into  t. 
Thus  it  will  be  clear  that  if  the 
indications  of  the  instrument  are 
taken,  say,  once  a  quarter,  the  amount  of  liquid  collected  in 
t  will  be  proportional  to  the  maximum  current  that  has 
ever  been  used  at  any  time  during  that  period. 

The  actual  instrument,  open  and  closed,  is  shown  in 
Figs.  166  and  167  respectively.  At  the  top  are  the  ter- 
minals, anrl  below  these  the  flexible  connections  leading  to 
the  heating  strip  on  the  left-hand  bulb.  This  heating  strip, 
by  the  way,  is  difi^erent  in  form  from  that  in  Fig.  165. 
Its   resistance,   and    consequently   its   shape,  depend  on 
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Fio.  165.— Diagram  of  AVright 
Demand  Indicator. 
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the  current  it  is  destined    to  carry,  and  on  the  circuit 


Fig.  166.        Wright  Demand  Indicator.         Fio.  167. 

voltage.     The  [J -tube  is  hidden  by  a  cardboard  scale,  on 
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which,  on  one  side,  the  maximum  current  that  has  passed 
may  be  read  oflf ;  while  on  the  other,  the  number  of  B.  o.  T. 
units  chargeable  at  the  first  price  (§  96)  is  indicated ;  the 
reading  being  taken  at  the  level  of  the  liquid  which  has 
overflown.  Special  flexible  or  hinged  connections  with 
the  terminals  enable  the  instrument  to  be  tilted  up  by 
the  meter  inspector,  after  he  has  taken  the  quarterly 
reading.  The  liquid  in  the  overflow  tube  in  front  of 
the  scales  then  flows  out  first  into  the  right-hand  bulb, 
and  afterwards  down  into  the  [J -tube,  and  the  instru- 
ment is  ready  for  a  fresh  indication.  In  the  left-hand 
figure,  it  will  be  noticed,  for  example,  that  the  liquid  in 
the  overflow  tube  indicates  a  maximum  demand  of  nearly 
24  amperes. 

A  demand  indicator  should  not  be  too  prompt  to  act, 
that  is  to  say,  the  consumer  should  not  be  penalised  for 
any  little  increase  of  consumption  lasting  only  a  few 
minutes.  The  ordinary  Wright  Demand  Indicator  takes 
about  ten  minutes  to  register  any  increase  in  the  current. 
For  special  purposes,  such  as  in  motor  installations,  the 
sluggishness  of  the  instrument  is  further  increased  by 
enclosing  the  heating  bulb  in  a  cylinder  of  iron ;  so  that 
the  heating  strip  has  to  heat  up  this  cylinder  as  well  as 
the  bulb  and  tube  and  the  air  inside,  and  the  liquid  is 
Jess  quickly  acted  upon. 

A  demand  indicator  fitted  in  the  same  case  as  a  meter, 
^as  illustrated  in  Fig.  125. 

9^.  The  Three-wire  Wright  Demand  Indicator.— 
Qn  3-wire  circuits  it  was  usual  to  fix  two  indicators,  one 
on  each  outer  conductor ;  the  maximum  demand  registered 
by  each  being  taken  separately  when  separate  meters  were 
useci,  and  8|.dded  |ogethe^  when  jy  3-wire  met€{r  was  employe|(^. 
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A  single  instrument  for  3-wire  work  has  now  been  intro- 
duced; and  this,  besides  being  cheaper,  gives  a  fairer 
indication,  as  the  loads  on  each  side  of  a  3-wire  system  are 
generally  more  or  less  unequal. 

The  connections  of  this  instrument  are  shown  diagramma- 
tically  in  Fig.  168.  Here  H  is  the  heating  strip,  which  is 
connected  where  the  two  sides  of  the  system  branch  in  t3 
the  middle  or  neutral  conductor ;  the  latter  being  joined  up 
through  resistance  strips  A  B  and  A  G,  Most  of  the  cur- 
rent flowing  from  one  side  of  the  system  to  l^ic  other 
passes  vid  B   A  C,  and  the 

remainder  through  ^.  ZTmay     T  ^      aaaa 

consequently  be  regarded  in  •^J^'^*^ — TTT  t. 


►<a 


the  light  of  a  voltmeter  coil,       0 — ^V      O  H 

and  the  heating  effect  therein  ^^7^^^ — ■   ■   ■  — 

is  obviously  proportional  to  the     ^. ^       VVv 

square  of  the    P.D?.,  between       F»o.  168.— Connections  of  Wright 
Tk         1    /-#       mi  i.  i  1  3-wire  Demand  Indicator. 

B  and  C.     Tlie   greater    the 

number  of  lamps  alight  (presuming  tliem  to  be  quite 
equally  divided  between  the  +  and  —  sides),  the  greater 
will  be  the  P.D.  between  B  and  C,  and  the  greater  the 
heating  effect.  We  have  now  to  show  that  the  indication 
of  the  instrument,  with  a  given  number  of  lamps,  is  the 
same  whether  the  latter  are  equally  or  unequally  dis- 
tributed on  the  two  sides  of  the  system.  The  P.D. 
between  the  two  outers  (+  and  —  )  is,  of  course,  practically 
invariable;  but  that  between  B  and  A,  and  between  A 
and  (7,  varies  directly  with  the  number  of  equal  lamps  on 
each  side.  If  there  are  60  lamps  alight  altogether,  30 
on  each  side,  the  potentials  B  A  and  A  C  will  be  equal, 
i  e.  as  30 ;  3Q.     If  th^^re  are  40  tamp  o^  oi^e  si4e  and  20 
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on  the  other,  potentials  B  A  and  A  C  will  be  as  40  :  20. 
If  there  are  50  lamps  on  one  side  and  10  on  the  other,  poten- 
tials BA  and  A  G  will  be  as  50  :  10.     In  each  case,  the  sum 


Fig.  169.— Wright  3- wire  Demand  Indicator. 

of  the  P.Ds.  is  equivalent  to  60 ;  and  the  registrations  of 
the  demand  indicator  will  be  the  same.  A  diagram  of  the 
actual  instrument  is  given  in  Fig.  169.  Here  B^B  are 
the   resistances   between   the   terminals   AB  and   AC; 
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otherwiso  the  apparatus  is  practically  the  same  as  that  iu 
Figs.  166  and  167. 

99.  The  Atkinson-Schattner  Demand  Indicator.— 
This  instrument,  the  actuating  portion  of  which  is  similar 
in  principle  to  that  of  the  gravity  ammeter  illustrated  in 
Chap.  VII.,  is  suitable  for  both  alternating-  and  direct- 
current  circuits.  As  will  be  seen  from  Fig.  170,  the  moving 
portion  carries  a  glass  tube  having  a  certain  number  of 
balls  in  it;  the  remaining  space  in  this  tube,  which  is 
bent  to  the  peculiar  form  shown,  being  filled  with 
glycerine.  Above  the  curved  horizontal  part  of  the  tube, 
an  ordinary  ammeter  scale  is  arranged ;  so  that  the  instru- 
ment combines  the  function  of  an  ammeter  with  that  of 
a  maximum-demand  indicator.  The  reading  on  the  am- 
meter scale  is  indicated  by  the  pointer  fixed  to  the  case, 
the  scale-card  forming  part  of  the  moving  portion.  The 
instrument  is  set  to  zero  by  means  of  the  brass- ball  adjust- 
ment seen  on  the  right,  all  the  balls  to  start  with  being 
in  the  top  circular  part  of  the  tube,  to  the  left  of  the 
pointer. 

^The  current  going  through  the  instrument  deflects  the 
moving  portion  to  a  proportiouate  extent,  and  if  the 
deflection  is  maintained  more  than  two  minutes,  one  or 
more  of  the  balls  will  slowly  roll  down,  eventually  falling 
into  the  straight  leg  of  the  tube.  The  number  of  balls 
released  depends  upon  the  current  passing,  and  is  the 
refcord  of  the  maximum  demand.  A  scale  is  airanged  by 
the  side  of  the  lower  leg,  which  shows  at  a  glance  the 
number  of  balls  down,  the  rebate  corresponding  with  this 
being  given  on  a  table  beneath  the  upper  part  of  the  tube. 
In  the  illustration,  a  maximum  ciirrent  corresponding  to 
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four  bails  down  has  already  been  registered,  and  a  further 
increase  is  about  to  take  effect.  The  action  of  the  balls 
is  certain  and  slow,  so  that  whilst  swinging  or  a  sudden 
instantaneous  short  circuit  does  not  give  them  time  to 
move,  any  increase  of  current  lasting  for  more  than  two 
minutes  will  be  recorded. 
The  glass  tube  is  easily  taken  out  by  hand,  as  it  is  only 


Fig.  170.— Atkinson-Schattner  Demaml  Indicator. 

held  in  petition  on  the  card  by  horseshoe  clips ;  and  the 
instrument  can  be  reset  by  removing  the  tube,  turning 
it  upside  down,  and  returning  it  to  the  clips.  The  appa- 
mtus  is  fitted  in  a  cast-iron  case,  the  outside  dimensions 
of  which  are  7^"  X  8"  x  2^" ;  and  the  hinged  front  is 
provided  with  a  window  through  which  the  indications  can 
be  read.  In  recent  forms  a  spare  tube  is  fixed  inside  the 
door  of  the  case. 
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CHAPTER  XIIL-^QUESTIONS. 

In  anstoering  these  qtiedionsy  give  sketches  wherever  possibte. 

*1.  Define  a  kilowatt  and  a  Board  of  Trade  unit  of  energy.  Explain 
clearly  the  difference  between  them,  and  describe  in  detail^  with 
sketches,  the  instruments  which  are  commercially  employed  in 
measuring  these  two  quantities.     [Prel.  1900.] 

*2.  !E^xplain  the  difference  between  a  wattmeter  and  a  watt-hour 
meter. 

*3.  Describe  briefly  rtnd  concisely  the  duty  of  an  electricity  meter. 

4.  Distinguish  clearly  between  an  ampere-hour  and  a  watt-hour 
meter  ;  and  say  which  would  be  most  reliable  on  a  circuit  in  which 
the  pressure  wis  subject  to  variation,  and  why. 

*5.  Which  do  you  consider  the  most  convenient  method  of  classify- 
ing meters  ? 

6.  Describe  briefly  any  kind  of  supply  meter  with  which  you  are 
familiar.  What  types  of  meter  are  most  likely  to  register  with  small 
loads?    Give  reasons.    [Ord.  1896.] 

7.  What  is  meant  by  electro-chemical  deposition  ?  Explain  any 
form  of  electric  meter  which  depends  upon  this  effect,  anJ  state  how, 
by  means  of  two  slips  of  lead  and  a  little  acidulated  water,  you  can 
find  out  which  is  the  positive  brush  of  a  continuous-current  dynamo. 

Ord.  1890.] 

8.  Draw  and  describe  any  practical  form  of  electric  quantity  meter. 
What  is  a  Board  of  Trade  unit  ?    [Ord.  1891.] 

9.  Show  that  the  indications  of  the  Bastian  meter  are  not  affected 
by  the  size  and  distance  apart  of  the  platinum  plates.  For  what 
reason  is  it  necessary  that  the  latter  should  be  fairly  large  and  close 
together  1 

10.  In  the  Schattner  prepayment  meter,  the  weights  which  the 
inspector  places  in  lieu  of  the  coins,  are  either  less  or  greater  in  weight 
than  the  latter,  according  to  which  scale  pans  are  used  for  the  coins 
and  for  the  weights  respectively.     Why  is  this  ? 

11.  Could  the  mercury  reservoir  and  syphon  tube  be  dispensed 
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with  in  the  Wright  meter  1    If  so,  how  would  the  meter  be  affected  ? 
Sketch  an  arrangement  with  these  alterations  carried  out 

12.  Describe  in  your  own  words  the  action  of  the  Shallenberger 
meter. 

13.  Explain  the  principle  of  the  Elihu  Thomson  meter,  and  show, 
by  sketch  and  explanation,  how  the  copper  disk  revolving  between 
the  poles  of  tlie  magnets  produces  a  retarding  effect  upon  the 
revolutions  of  the  coil. 

*14.  Show  by  a  sketch  how  you  would  connect  up  an  energy  meter, 
such  as  the  Elihu  Thomson  meter,  on  a  2- wire  circuit.  [Prel. 
1897.] 

15.  Classify  the  meters  described  in  this  chapter  under  fhe  two 
heads : — Qiuintity  meters,  Energy  meters^  and  give  your  reason  in 
each  case. 

16.  Why  must  every  kind  of  motor  meter  have  some  sort  of 
braking  device  1 

17.  Make  a  list  of  the  motor  meters  mentioned  herein,  and  describe 
briefly  the  motive  action  and  braking  device  employed  in  each 
case.     Illustrate  the  same  with  simple  sketches. 

18.  In  what  respects  do  the  Hookham  and  Ferranti  direct-current 
meters  somewhat  resemble  each  other  ? 

.    19.  Contrast  the  action  of  the  Hookham  alternating-current  meter 
with  that  of  the  Shallenberger  meter. 

20.  DiHtinguish  between  the  Shallenberger  and  the  Westinghouse 
lutitcrs  aH  regards  the  way  in  which  the  rotating  magnetic  field  is 
net  up. 

21.  The  Aron  meter  may  be  described  as  a  continuous  integrating 
one,  whereas  the  Johnson  and  Phillips  meter  is  an  intermittent 
integrating  instrument.    Explain  what  is  meant  by  this. 

22.  0  i  ve  your  own  reasons  for  the  necessity  of  periodically  reversing 
tljo  current  in  the  pendulums  of  the  Aron  meter.  . 

23.  (live  diagrammatic  sketches  similar  to  Figs.  134  or  159  show- 
ing the  ccmnoctiona  of  the  following  meters  to  the  supply  mains — 
Hciuittnor,  Shallonbeiger,  Hookham  Direct-Current,  Hookham  Alter- 
nating, and  Johnson  and  Phillips. 

24.  What  would  be  the  essential  parts  of  an  hour  meter,  and  why 
luuiii  Huch  ueoossarily  belong  to  the  clock  type  ? 
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25.  Suppose  in  a  district  where  a  two-rate  system  of  charging  was 
employed,  the  night  and  day  prices  were  respectively  6d.  and  2d, 
What  diflferent  rates  would  you  give  to  a  two-rate  meter,  and  how 
would  you  charge  for  the  units  indicated  by  the  meter  dials? 

26.  Explain  the  different  kinds  and  the  use  of  battery  meters. 

27.  Expatiate  in  your  own  words  on  the  principles  and  advantages 
of  the  niaxinuim-demand  system  of  charging  for  electricity  supply. 
Mention  any  disadvantages  you  can  think  of. 

*28.  What  is  a  maximum -demand  indicator,  and  for  what  purpose 
is  it  employed  ?    Why  is  such  sometimes  termed  a  rebate  indicator  ? 

29.  Try  to  sketch  out  a  demand  indicator  differing  from  the 
Wright  and  the  Atkinson-Schattner  instruments. 

*30.  A  shop  is  supplied  with  electric  energy  on  the  3- wire  system 
through  an  energy  meter  of  the  motor  type  ;  show  how  the  meter 
should  be  connected  to  the  mains.     [Prel.  1903.] 

31.  What  are  the  essential  features  of  a  good  house  meter  ?* 
Describe  the  Thomson  energy  meter,  and  show  that  the  number  of 
revolutions  is  proportional  to  the  energy  used.  Why  is  it  incorrect 
to  call  this  instrument  a  "  recording  wattmeter"  ?    [Ord.  1903.] 


CHAPTER  XIV. 

The  figures  refer  to  the  mimbered  parcuf^aphsx 

Electric  Molors,  100.  Shuttle- Armature  Motor,  101.  Magnetic 
Drag,  102.  Magnetic  Drag  (cont),  103.  Principle  of  Drum- 
Armature  Motors,  104.  Right-hand  Rule  for  finding  the  Direc- 
tion of  l^totion  of  a  Current-carrying  Conductor  when  placed  in 
a  Magnetic  Field,  105.  Principle  of  Ring-  and  Drum-Armature 
Motors,  106.  Motor  Armature  Cores,  107.  Direction  of  Ro- 
tation, 108.  Torque,  109.  Torque,  Speed,  and  Power,  1 10.  Counter 
E.M.F.  of  a  Motor,  111.  Power  absorbed  by  a  Motor,  112.  Effi- 
ciency of  Motors,  113.  Electrical  Efficiency,  114.  To  calculate 
the  Efficiency  of  a  Dynamo  when  used  as  a  Motor,  115.  Lead 
of  Dynamos  and  Motors,  116.  Diflference  in  Action  between 
Series  and  Shunt  Motors.  Starting  Switches,  117.  Compound- 
wound  Motors,  118.  Motor-starting  Switches,  119.  Starters  for 
Series  Motors,  120.  Starters  for  Shunt  Motors,  121.  Starters  for 
Shunt  and  Compound  Motors,  122.  Self -Starting  Rheostat,  123. 
Reversible  Motor  Starter,  124.  Features  of  a  Perfect  Motor 
Starter,  125.  Motor  Calculations,  126.  Motor  Calculations  (cont,), 
127.  To  Test  the  H.P.  and  Efficiency  of  a  Motor,  128.  Electric 
Tramways  and  Railways,  129.  Typical  Tramcar  Motor,  130. 
Tramcar  Controller,  131.  Power  required  to  drive  Trams,  etc., 
132.  Electric  Cars,  133.  Applications  of  Motors,  134.  Alter- 
nating-Current Motors,  135.  Rotating  Fields,  136.  Split-Phase 
Rotating  Field,  137.  Langdon-Davies  Single-Phase  Motor, 
138.  Heyland  Single-Phase  Motor,  138a.  Rotation  of 
Polyphase  Fields,  139.  Starting  of  Polyphase  Motors,  140. 
Frequency,  Slip,  and  Speed,  141.  Reversal  of  Polyphase  Motors, 
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142.  Johnson  and  Phillips'  Polyphase  Motor,  143.  Bruce, 
Peebles  and  Co.'s  Polyphase  Motor,  144.  Harding,  Churton  and 
Co.'s  Polyphase  Motor,  145.  General  Electric  Co.'s  3-Phase 
Motor,  146.     Transmission  of  Power,  147.     Questions,  page  442. 

Chapter,  paragraph^  and  figure  numbers  in  italics  refer  to  Vol,  I. 
(6th  Ed.)  ;  and  those  in  heavy  type  to  "  Electric  Wiring,  Fittings, 
Switches,  and  Lamps  "  (Srd  Ed.). 

*100.  Electric  Motors.— An  electric  motor,  or  electro- 
motor,  or,  as  it  is  generally  simply  called,  a  motor,  is  a 
machine  by  which  the  energy  of  the  electric  current  is 
converted  into  mechanical  energy  with  the  production  of 
motion.  It  is  thus  the  opposite  of  a  dynamo,  which  con- 
verts mechanical  into  electrical  energy.  In  other  words,  a 
dynamo  gives  current  when  motive  power  is  applied  to  it, 
whereas  a  motor  gives  motive  power  when  a  current  is 
passed  through  it.  Like  dynamos,  motors  may  be  divided 
into  two  great  classes,  {a)  direct- current  motors,  and  (h) 
alteomating-cwrent  motors,  i.e.  motors  designed  to  work 
with  direct  and  alternating  currents  respectively. 

Like  dynamos  alsa^  direct-current  motors  may  be  either 
2-pole,  4-pole,  or  multipolar;  and  may  have  either  ring, 
drum,  or  disk  armatures.  As  regards  the  excitation  of  their 
field  magnets,  this  may  be  either  series,  shunt,  compound, 
or  separate  (Chap.  VIII.).  In  fact,  the  difference  between 
dynamos  and  motors  of  the  same  class  is  so  small,  that,  as 
a  general  rule,  any  given  machine  may  be  used  either  as 
one  or  the  other.  Separately-excited  motors  are,  by  the 
way,  so  rarely  employed,  that  they  need  not  be  considered. 

*101.  Shuttle- Armature  Motor.  —  The  simplest 
classes  of  direct-current  motor  such  as  are  used  in  toy 
jnodels,  depend  for  their  action  upon  the  attraction  and 


306  ELEGTRIO  LIGHTING,  ETC.  [chap.  xiv. 

repulsion  set  up  between  fixed  and  movable  magnetic 
poles.  This  is  the  principle  of  the  shuttle-  or  simple 
drum-armature  dynamo  when  used  as  a  motor. 

The  general  construction  of  this  motor  is  identical  with 
that  of  the  simple  hand  dynamo  described  in  Chap. 
VII L  The  commutator  and  brushes  are  so  arranged,  that 
when  the  armature  is  in  the  position  indicated  in  Fig.  171, 1., 
the  commutator-segments  c,  c,  and  brushes  B,  B,  shall  just 
have  come  into  contact,  and  given  the  armature  polarity  as 
shown.  Repulsion  consequently  takes  place  between  N 
and  a,  and  between  S  and  h ;  and  attraction  between  S 
and  a,  and  N  and  b ;  and  the  armature  will  revolve  in  the 
direction  indicated  by  the  arrow.  This  continues  until 
the  armature  reaches  the  position  shown  in  Fig.  171 ,  II.  At 
this  point  the  brushes  pass  from  the  commutator  segments 
on  to  the  insulating  portions  /,  /,  between  them ;  and  no 
current  flows  round  the  annature.  Its  momentum,  how- 
ever, carries  it  round  to  the  position  shown  in  Fig.  171, 
III,  at  which  instant  the  brushes  again  make  contact  with 
the  segments ;  but  not  with  the  sam^  ones  as  at  first ;  so 
that  the  polarity  of  the  armature  is  reversed,  the  end  a 
being  south,  and  the  end  b  north.  Repulsion  now  takes 
place  between  S  and  a,  and  between  iV  and  b,  while 
attraction  is  set  up  between  N  and  a  and  between  S  and 
ft,  and  the  armature  continues  its  movement  in  the  same 
direction  as  before.  The  state  of  things  shown  in  Fig, 
171,  III.,  continues  until  the  armature  reaches  the  position 
indicated  in  Fig.  171,  IV.,  when  the  current  is  cut  off  until 
the  armature  again  reaches  its  first  position  (Fig.  171,  I.). 
Then  the  current  flows  through  once  more,  but  in  the  reverse 
direction,     The  current  shoyld  be  <jut  off  before  th^  arm^- 
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Fig.  17-1. — Principle  of  Shuttle- Armature  Motor. 
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ture  reaches  the  horizontal  pr  "  dead  centre  "  position ; 
and  the  reversal  should  take  place  after  it  has  passed  this 
position.  To  ensure  this,  the  insulating  pieces  between  the 
segments  should  be  broader  than  in  the  case  of  a  dynamo 
of  this  construction.  Otherwise,  in  the  first  case,  there 
will  be  a  tendency  to  stop  the  rotation  ;  and  in  the  second 
case,  a  tendency  to  reverse  th§  direction  of  rotation. 

*102.  Magnetic  Drag. — When  a  conductor  carrying  a 
direct  current  is  placed  in  a  magnetic  field,  at  right  angles 
with  .the  lines  of  the  latter,  it  will  experience  a  force 
dragging  or  tending  to  drag  it  across  the  field,  in  a  direction 
depending  upon  the  direction  of  the  current  and  of  the 
field.  This  force  is  due  to  the  interaction  of  the  field  set 
up  by  the  current  in  the  conductor  and  the  field  in  which 
it  is  placed ;  and  is  proportional  to  the  product  of  the 
strengths  of  the  two  fields. 

The  reason  for  the  above  action  will  be  clear  from 
Fig.  172,  which  represents,  diagrammatically,  the  magnetic 
figure  obtained  with  iron  filings  when  a  current-carrying 
conductor  is  placed  in  the  field  between  a  iV  and  a  S  pole. 
The  conductor  is  supposed  to  be  passing  vertically  through 
the  paper,  and  the  current  to  be  flowing  upwards.  If  the 
conductor  were  removed  to  a  distance  from  the  magnet 
poles,  its  field  would  be  indicated  by  concentric  circles,  and 
the  +  direction  would  be  counter-clockwise  (Chap.  ///.): 
while  the  field  between  the  magnet-poles,  away  from  the 
edges,  would  consist  of  straight  lines  passing  from  pole  to 
pole,  the  +  direction  being  from  N  to  S,  At  the  end  of 
Chap.  IV,,  it  was  stated  that  the  lines  of  adjacent  fields 
will  alter  their  shapes  so  as  to  run  as  far  as  possible  side 
by  side,  and  in  the  same  4irection ;  and  further,  that  lines 
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running  in  the  same  direction  repel  one  another,  and  that 
they  tend  to  shorten  themselves.  Remembering  this,  it  is 
fairly  easy  to  account  for  the  shape  of  the  resultant  field 
in  Fig.  172,  and  the  direction  of  the  "magnetic  drag"  on 
the  conductor.  Supposing  the  conductor  is  placed  in  the 
field,  and  a  current  passed  upwards  through  it,  its  field 
will  be  as  shown  by  the  small  curved  arrows.  The  direction 
of  the  magnet's  field  immediately  below  the  conductor,  as 


Fig.  172.— Magnetic  Drag. 

looked  at  in  the  sketch,  will  be  in  opposition  to  that  of  the 
bottom  half  of  the  field  due  to  the  current  in  the  conductor. 
Some  of  the  magnet's  lines  will  consequently  stretch  so  as  to 
pass  round  the  other  side  of  the  conductor,  where  they  will 
be  in  the  same  direction  as  the  lines  due  to  the  latter.  This 
distortion  will  cause  a  crowding  of  the  lines  on  the  upper 
side  of  the  conductor,  and  the  field  there  will  be  increased 
in  strength.     Now  the  attraction  between  the  lines  of  the 
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magnet's  field  and  those  set  up  by  the  conductor  on  its 
lower  side;  and  the  repulsion  between  the  lines  on  the 
upper  side  of  the  conductor,  will  force  the  conductor  down- 
wards in  the  direction  of  the  dotted  arrow.  This  latter, 
therefore,  indicates  the  directioii  of  the  magnetic  drag, 
which,  it  vvill  be  noted,  is  at  right  angles  with  the  per- 
manent field.  We  may  explain  the  effect  in  another  way, 
by  saying  that  the  drag  on  the  conductor  is  due  to  the 
effort  of  the  permanent  field  to  regain  its  normal  shape, 
the  lines  tending  to  shorten  themselves. 

The  reader  should  draw  figures  to  prove  to  himself  that 
the   conductor  would   still   tend   to  travel  in   the   same 
direction    if    the 
direction   of 
current   and 
polarity    of 
field  magnet  were 

both  reversed :  and        Yiq.  173.— Analogy  iUustratiug  Magnetic  Drag. 

that  it  would  tend 

to  travel  in  the  opposite  direction  if  the  current  alooie  or 

the  field  alone  were  reversed. 

We  may  employ  a  mechanical  analogy  to  illustrate  the 
magnetic  drag  (Fig.  173).  Here  the  distorted  field  of  the 
magnet  is  represented  by  the  stretched  elastic  band  JE,  E, 
which,  in  its  endeavour  to  assume  its  usujxl  position,  forces 
the  vertical  rod  B,  which  represents  the  conductor,  in  the 
direction  indicated  by  the  arrow. 

On  this  phenomenon  of  magnetic  drag  depends  the 
action  of  all  electric  motors;  for  the  armature,  having 
current  sent  through,  or  (as  in  the  case  of  most  alternat- 
ing-current  motors  (§   135),)  induced  in  its  conductors, 
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and  being  placed  in  a  magnetic  field,  is  set  in  motion 
thereby. 

103.  Magnetic  Drag  (cont). — The  magnetic  drag  or 
pull  on  a  single  straight  current-carrying  conductor,  when 
placed  at  right  angles  with  the  lines  of  a  magnetic  field, 
may  be  calculated  as  follows  : — 

Let  jFbethe  force  acting  on  the  conductor,  I  the  length  of 
conductor  in  the  field  in  cms.,  G  the  current  (in  amperes) 
flowing  through  the  conductor,  and  B  ^te  flux  density 
(Chap.  VI.). 

Then  :—  F  (in  dynes)  =  ^- 

The  divisor  10  is  used  to  reduce  the  current  to  C.G.S. 
units  (Chap.  VI.). 

As  the  gravitating  force  of  a  lb.  is  practically  445,000 
dynes  (Chap.  /.),  we  may  write  : — 

^(inlbs.)=^B/ 


10  X  445  X 103 1 

Example. — A  straight  coiiductovy  carrying  a  direct  current  of  270 
amperesy  lies  at  right  angles  to  the  magnetic  flux  of  afidd  having  an 
intensity  of  9000  lines  per  sq.  cm.  Find  the  force  (in  lbs.))  per  foot  of 
conductor,  tending  to  pull  it  across  the  field. 

Here  0=270,  B  =  9000,  and  Z=30*5  (taking  one  yard  as  equal  to 
91-44  cm.)  [Chap.  J.]. 
^  „     270x9000x30-5 

T^"«^-  ^=10^^445-^10^- 

27x9x30-5 
~        445 

7411-5 
~   445 
=  16-5  lbs. 

1  See  footnote,  p.  45. 
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*104.  Principle  of  Drum- Armature  Motors. — Practi- 
cal motors,  having  ring  or  drum  armatures,  depend  for 
their  working  upon  the  magnetic  drag  just  described  :  and 
the  action  of  the  shuttle  motor  (§  101),  whose  armature 
is  virtually  a  simple  form  of  the  drum  type,  may  be 
explained  in  this  way. 

Consider  the   simple  coil  shown  in  Fig.  174,  and  look 


Fig.  174. — Principle  of  Drum- Armature  Motors. 

upon  the  two  sides  as  separate  current-carrying  conductors. 
Bearing  Fig.  172  in  mind,  a  little  consideration  will 
show  that  the  left-hand  side  of  the  coil  will  travel  upwards, 
and  the  right-hand  side  downwards ;  the  coil  as  a  whole 
rotating  in  the  direction  shown  by  the  curved  arrow. 
When  the  coil  reaches  the  upright  dotted  position,  the 
commutator  will  reverse  the  direction  of  the  current  pass- 
ing through  it,  and  the  coil  will  make  a  second  half-revo- 
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lution ;  then  the  current  will  again  be  reversed,  and  so  on. 
It  should  be  noted  that,  with  a  single  conductor  (Fig. 
172),  the  tendency  is  to  force  it  across  and  out  of  the  field  ; 
while  in  the  present  case  the  magnetic  drag  causes  the 
rotation  of  the  armature  upon  its  spindle. 

The  motion  of  a  simple  coil,  such  as  is  shown  in  the 
figure,  is  not  very  regular;  for  the  force  acting  on  it  is 
greatest  when  it  is  in  the  horizontal  position,  and  nothing 
at  all  when  it  is  in  the  vertical  or  dotted  position.  If  two 
coils  be  employed  (Fig.  175),  one  at  right  angles  with  the 


Fio.  176. — Two-coil  Armature. 

other,  a  more  uniform  motion  results,  since  as  soon  as  one  coil 
leaves  the  best  position,  the  other  enters  it.  In  this  case  a 
4-part  commutator  must  be  used.  By  winding  many  coils 
on  an  iron  core,  and  connecting  them  to  a  commutator,  as 
is  done  in  practical  machines,  a  much  greater  and  very 
uniform  pull  is  exerted  on  the  armature.  As  in  a  dynamo, 
the  principal  object  of  the  iron  core  of  the  armature  is  to 
concentrate  and  strengthen  the  magnetic  field  (Chap. 
VIIL), 

*105.  Right-hand  Rule  for  finding  the  Direction 
OF  Motion  of  a  Current-carrying  Conductor  when 
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PLACED  IN  A  Magnetic  Field  ;  e,  g,  in  the  case  of  a 
Motor  Armature  (Maycock)  (Fig.  176V — ^^  ^^^  direc- 
tion of  the  magnetic  drag  on  a  current-carrying  conductor 
depends  upon  both  the  direction  of  the  current,  and  of  the 
field  in  which  the  conductor  is  placed  (§  102),  an  easily- 


Fio.  176.— Motion  of  a  Current-carrying  Conductor. 

remembered  rule  is  handy.  Such  a  rule  is  as  follows: — 
Place  the  right  hand  ivith  the  palm  facing  the  conductor,  and 
the  thumhy  forefinger,  and  the  other  fingers  grouped  stretched 
out  at  right  angles  with  oTie  another.  The  forefinger  must 
point  in  the  positive  direction  along  the  field,  and  the  thumb 
in  the  direction  of  the  current ;  then  the  other  fingers  wUl 
1  See  footnote,  p.  63,  Vol.  I  (5th  Ed.). 
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denote  the  direction  in  which  the  current-carrying  conductor* 
will  move. 

The  reader  should  apply  this  rule  lo  verify  the  various 
cases  given  in  §§  102  and  104. 

*106.  Principle  of  Ring-  and  Drum-Armature 
Motors. — The  action  of  ring-armature  motors  may  be  ex- 
plained in  two  ways : — either  by  looking  on  the  armature 


Fig.  177.— Principle  of  Ring-Armature  Motors. 

as  a  magnet,  and  thinking  of  the  attractions  and  repulsions 
set  up  between  its  poles  and  the  field  poles ;  or  by  consider- 
ing the  magnetic  drag  on  the  conductors  on  the  sides  of  the 
armature  facing  the  field  poles.  The  latter  method  is 
the  better  way  of  regarding  the  matter;  but  the  former, 
though  affording  only  an  incomplete  explanation,  is  very 
useful.     We  shall  take  them  in  tlie  order  given. 
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When  the  current  enters  the  commutator  of  an  ordinary 
ring  armature,  it  divides,  one  part  passing  round  one  half 
and  the  other  round  the  other  half,  both  parts  re-uniting  at 
the  negative  brush.  This  will  be  understood  from  Fig.  177, 
where  the  commutator  is  omitted  for  the  sake  of  clear- 
ness, and  the  distortion  of  the  field  (§  116)  is  not  taken 
into  account.  The  two  halves  of  the  armature  may  be 
looked  upon  as  semicircular  electro-magnets,  with  their 
like  poles  brought  together  at  the  points  where  the  current 
enters  and  leaves  the  ring,  consequent  N  and  8  poles 
being  formed  continuously  at  those  points  as  the  armature 
rotates.  The  commutator  and  brushes  are  so  arranged 
that  these  poles  are  on  a  diameter  at  right  angles,  or 
nearly  so,  with  a  line  passing  through  the  poles  of  the  F.M. 
These  latter  consequently  act  on  the  poles  of  the  armature, 
and  the  latter  is  continuously  rotated  in  the  direction 
shown  by  the  ^row. 

Fig.  178,  which  assists  us  with  the  other  explanation,  is 
virtually  a  repetition  of  Fig.  177,  but  sections  only  of  the 
outer  portions  of  the  turns  of  the  armature  conductors  are 
shown.  Now  in  the  conductors  on  the  right-hand  side  the 
current  is  flowing  inwards,  while  in  those  on  the  other  side 
it  is  flowing  outwards ;  as  indicated  by  the  signs  —  —  — , 
-h  +  +.  The  conductors  on  the  right-hand  side  will  there- 
fore tend  to  move  upwards  across  the  field,  and  those  on  the 
other  side  downwards,  and  the  armature  will  revolve  in  the 
direction  shown  by  the  curved  arrow.  As  each  conductor, 
or  set  of  conductors,  passes  the  commutating  point,  i.  e,  as 
the  commutator  segment  in  connection  therewith  passes 
under  the  brush,  the  current  will  be  reversed  in  that  par- 
ticular conductor  or  set  of  conductors.     In  this  figure,  as 
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in  the  preceding  one,  the  commutator  is  omitted  for  the 
sake  of  clearness. 

Fig.  178  may  also  be  taken  to  apply  to  a  2-pole  drum 
armature,  i.  e.  one  for  use  in  a  2-pole  field :  for,  in  spite  of 
the  apparent  complications  of  drum  winding>  (Chaps.  VIII. 
and  /X),  it  will  be  found  that  the  currents  flowing  in  the 
conductors  facing  one  pole  of  the  field  are  all  in  one 
direction,  while  those  in  the  conductors  facing  the  other 
pole  are  all  in  the  opposite  direction. 

107.  Motor  -  Arma- 
ture Cores. — Because 
of  the  sudden  and  heavy 
strains  to  which  motor 
armatures  are  subjected, 
the  use  of  slotted  or 
toothed  cores  is  a  ne- 
cessity, except  in  very 
small  machines.  In  some 
motors,  tunnel  armature  ^ 
are  employed,  the  core 
disks  of  these  having 
holes  stamped  round  their 
edges,  the  conductors 
being  threaded  through 
the  holes.  In  a  dynamo,  the  armature  core  "  drives  "  the 
conductors  (Chap.  VIII.) ;  but  in  a  motor,  the  conductors 
may  be  said  to  drive  the  core ;  though,  as  a  matter  of 
fact,  most  of  the  pull  is  exerted  magnetically  on  the  core 
teeth.  In  each  case  the  chief  object  is  to  obtain  a  rigid 
and  mechanically  good  fixing  of  the  windings  to  the 
armature.  Tlie  rigid  fixing  of  the  core  to  the  shaft  is 
another  all-important  point. 


Fio.  178.— ActioQ  of  Ring-  and  Drum- 
Armature  Motors. 
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Fig.  179  shows  three  types  of  core  disk,  with  the  slots, 
etc.,  somewhat  exaggerated  in  relative  size  in  order  that 
their  shape  may  be  clearly  seen.  A  is  an  ordinary  slotted 
core  plate,  G  a  tunnelled  plate,  and  B  a  type  half  tunnel, 
half  slot.  Figs.  232,  240,  and  246  show  actual  forms  of  core 
disk  for  both  the  stationary  and  rotating  parts  of  motors. 

108.  Direction  of  Rotation. — If  the  F.M.  of  a  motor 
be  separately  excited,  the  direction  of  rotation  of  its 
armature  may  be  reversed  by  reversing  the  current 
through  it,  or  by  reversing  the  polarity  of  the  F.M.  (§  102). 
If  a  motor  be  series-  or  shunt-wound,  then  in  either  case, 


Fio.  179.— Ck)re  Disks. 

if  the  driving  current  be  reversed,  both  the  polarity  of 
the  armature  and  of  the  F.M.  will  be  changed ;  with  the 
result  that  the  armature  will  revolve  in  the  same  direction 
as  before.  This  will  be  clear  from  a  study  of  Figs.  180 
and  181.  To  change  the  direction  of  rotation  of  the 
armature  of  a  series-  or  shunt-wound  motor  therefore, 
either  the  current  in  the  armature,  or  that  in  the  F.M. 
windings,  must  be  reversed  ;  but  not  both. 

When  a  motor  is  required  to  run  in  either  direction  at 
will,  as  is  the  case  with  all  motors  used  for  traction  pur- 
poses— trains,  trams,  road  vehicles,  boats,  etc. — the  revers- 
ing gear  is  usually  so  arranged  that  the  current  in  the  F.M. 
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windings  is  always  in  the  same  direction,  that  in  the 
armature  alone  being  reversed.  The  latter  may  be  ac- 
complished by  placing  a  reversing  switch  in  the  armature 
circuit. 

There  are  various  other  methods  of  reversing  motors, 
but  none  are  so  much  used  as  that  just  described 
(§  124). 

The  brushes  used  in  motors  (except  very  small  ones) 


Fig.  180.— Series  Motor. 


Fio.  181.— Shunt  Motor. 


are  almost  invariably  of  carbon,  and  are  set  end-on  to  the 
commutator  so  as  to  allow  of  the  latter  rotating  in  either 
direction.  Some  forms  of  brushes  and  holders  suitable  for 
motor  work  are  illustrated  in  Chap.  VIII. 

A  series  machine,  when  used  as  a  motor,  turns  in  an 
opposite  direction  to  that  in  which  it  would  have  to  be 
turned  if  run  as  a  dynamo,  presuming  thie   connections 
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were  left  untouched,  and  the  polarity  of  the  F.M.  was  to 
be  the  same  in  either  case.  This  will  be  understood 
from  a  reference  to  Fig.  180,  and  an  application  of  the 
left-hand  rule  (Chap.  /F".),  to  find  in  which  direction  a 
current  would  be  developed  in  the  armature. 

With  a  shunt  machine  the  case  is  different.  The 
armature  will  turn  in  the  same  direction  when  used  as  a 
motor  as  it  would  have  to  be  turned  if  run  as  a  dynamo, 
the  polarity  of  the  F.M.  being  the  same  in  both  cases. 
The  student  should  refer  to  Fig.  181,  and  verify  this 
statement  for  himself  in  the  same  way  as  in  the  case  of 
a  series  machine. 

A  compound- wound  machine  (§  118)  will  turn  in  the  same 
direction  as  a  motor  as  it  would  have  to  be  turned  if 
used  as  a  dynamo,  the  polarity  of  the  F.M.  remaining 
the  same. 

109.  Torque. — Torque  is  that  which  produces,  or  tends 
to  produce,  rotation  of  a  body  about  its  axis ;  and  may  be 
roughly  described  as  turning  force.  Thus  a  certain 
amount  of  torque  has  to  be  applied  to  the  handle  of  a 
screwdriver  in  driving  a  screw ;  while  a  very  great  deal  is 
necessary  at  the  shaft  of  a  propeller  to  enable  it  to  drive 
a  ship  through  the  water.  The  reaction  between  the 
current  in  a  motov  armature,  and  the  magnetic  field  in 
which  it  is  placed,  gives  rise  to  a  torque  on  the  armature 
shaft.  In  each  of  the  above  cases,  the  actual  amount  of 
power  given  out  is  proportional  to  the  torque  multiplied 
by  the  speed  of  rotation. 

The  calculation  of  the  torque  7  on  a  motor  armature 
is  a  fairly  simple  matter,  for  : — 

T'oc  CFN 
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Here  C  is  the  total  current  ^  flowiDg  into  the  armature, 
F  the  flux  or  total  flow  of  lines,  and  N  the  number  of 
conductors  in  series  (§  20).  The  torque 
T  is  obtained  by  dividing  the  product 
Cp  If  hy  some  quantity,  according  to 
the  units  in  which  T  is  to  be  expressed  : 
thus  to  find  T  in  pound-feet  ^  the 
equation  becomes : — 

r  (pound-feet)  =g3|:^„ 

G  being  expressed  in  amperes. 

The  torque  on  an  armature  is  some- 
times referred  to  as  the  "  tangential  pull 
on  the  armature." 


Fig.  182.— Torque. 


Example. — A  2-pole  motor  armature,  wound  with  170  external 
conductorsy  is  placed  in  a  field  whose  total  flux  is  7,000,000  lines.  What 
is  the  torque^  or  tatt^ential  pidl  on  the  armxiture,  when  a  c^irrent  of  150 
amperes  is  sent  through  it  ? 

^  The  current  O  flowing  through  any  one  conductor  in  a  2-pole 
armature  is  half  the  total  current  C  passing  through  the  armature, 
the  two  halves  of  the  latter  being  in  parallel  (§  106). 

2  Units  of  Torque. — It  will  be  remembered  that  the  centimetre- 
dyne  (or  erg),  foot-lb.,  etc.,  are  units  of  work  (Chap.  L).  If  these 
terms  are  reversed — as  dyne-centimetre,  pound-foot — they  may  be 
employed  to  denote  units  of  torque,  or  what  may  otherwise  be 
defined  as  turning  force.  A  dyne-centimetre  in  this  sense  means  a 
torque  produced  by  a  force  of  one  dyne  acting  at  a  radius  of  one  cm. 
Similarly  a  pound-foot  signifies  the  torque  produced  by  the  force  of 
one  lb.  acting  at  a  radius  of  one  ft.  To  illustrate  this,  in  Fig.  182, 
P  is  a  pulley  around  which  passes  a  cord,  with  a  weight  W  at  the  end 
of  it,  the  other  end  of  the  cord  being  wound  round  and  attached  to  the 
pulley.  Clearly  the  torque  on  the  pulley  depends  both  on  W  (which 
may  be  expressed  in  dynes,  lbs.,  etc.),  and  on  the  radius  r,  i.  e.  T=  Wr. 

Y 
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Here  0=150,  F=7  x  10«,  and  JV=170. 

■,  ..     V       150x7  xlO«x  170 
Then  \—T  (in  pound-feet)  = 852-3  xlO^ 

=  209. 

110.  Torque,  Speed,  and  Power. — It  was  mentioned 
at  the  beginning  of  the  preceding  paragraph,  that  the 
power  given  out  by  a  rotating  body,  such  as  a  shaft, 
pulley,  etc.,  was  proportional  to  the  product  of  its  torque 
and  speed. 

li  T  =  torque  in  pound-feet,  and  n=  revolutions  per 
second  : — 

Power  (in  foot-pounds  per  sec.)  =  27r7i7', 
and : — 

Power  (in  foot-pounds  per  min.)  =  27r7iy  x  60. 

Thus :—       H.P.  =  ^'^^^^^  =  -011471^. 

Example. — The  iorq\i£  &n  a  motor  pulley  is  900  pound-feet,  and  its 
speed  is  1000  rev.  per  min, :  what  power  is  its  shaft  transmitting  ? 

Here  :—  n = 1^ = 1667,  and  T  =  900. 

60  * 

Then  :—  H.P.  =  0114  x  16*67  x  900. 

=  171. 

♦111.  Counter  E.M.F.  of  a  Motor. — When  the  arma- 
ture of  a  motor  is  revolving  in  the  field,  its  conductors  cut 
lines  of  force ;  and  as  a  consequence,  E.M.F.  is  generated  in 
them,  just  as  if  the  machine  were  being  used  as  a  dynamo. 
This  E.M.F.  opposes  the  applied  working  pressure  and 
current  of  the  motor,  as  the  student  can  easily  prove  for 
himself  by  referring  to  Figs.  180  and  181',  and  applying 
the  left-hand  rule  (Chap.  IV.),  It  is  consequently  spoken 
of  as  the  counter  or  back  EM,F,  of  a  motor ^  and  is  obviously 
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greater  the  faster  the  motor  rotates.  On  this  account, 
when  a  motor  is  supplied  at  a  constant  pressure,  the  more 
rapid  its  rotation,  the  smaller  is  the  current  flowing 
through  it,  and  the  less  the  power  transmitted,  for  the 
greater  is  the  opposing  E.M.F. 

As  was  shown  at  the  end  of  the  preceding  paragraph, 
the  power  given  out  by  a  motor  is  proportional  to  the 
product  of  its  torque  and  speed.  Now,  with  a  given 
armature  and  field,  the  torque  depends  on  the  current  in 
the  armature,  and  this  current  in  its  turn  depends  on  the 
difference  between  the  working  pressure  and  back  E.M.F. 
Thus,  if  U  is  the  working  pressure,  £  the  back  E.M.F.,  and 
jB  the  resistance  of  the  armature  circuit,^  the  current  G  in 
the  armature  will  be : — 

When  a  motor  is  required  to  develop  a  certain  power  at 
a  given  speed,  that  is  to  say,  when  it  is  required  to  give  a 
certain  torque  (^.  e,  to  have  a  certain  current  in  the  arm- 
ature) at  that  speed ;  it  is  necessary  to  find  what  the  back 
E.M.F.  will  be  at  the  speed  given,  and  arrange  the 
working  pressure  to  satisfy  the  above  equation. 

The  counter  E.M.F.  £  of  a  motor  may  be  calculated 
exactly  as  is  the  generated  E.M.F.  in  the  case  of  a  dynamo 
(§§20  and  21). 

Thus  :— £  (in  volts)  =  ^^^-^^ 

Here  N  is  the  number  of  conductors  in  series  on  the 

^  In  a  series  motor,  R  —  resistance  of  armature  +  resistance  of 
F.Ms.     In  a  shunt  motor,  R  =  resistance  of  armature  only. 
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armature,  p  the  total   flux,  n  the  number  of  revolutions 
per  second,  and  p  the  number  of  pairs  of  poles. 

j9  =  l,  2,  or  3,  etc.,  according  as  the  machine  has  2,  4,  6 
or  more  poles. 

Example. — A  bipolar  series  motor  is  required  to  develop  30  H.P.  at 
a  speed  of  600  revs,  per  min.  The  combined  resistance  of  its  armature 
and  field  coils  is  1*3  w.  The  flux  of  the  field  ts  24  x  10®  lines,  and 
the  ai-mature  carries  400  active  conductors.  What  pressure  must 
he  applied  to  its  terminals,  what  wUl  be  the  input  in  kUowatts,  and 
what  win  be  the  efficiency  ? 

The  problem  is  to  find : — (i.)  the  torque  ;  from  this  (ii.)  the 
current ;  then  (iii.)  the  back  E.M.F.  ;  (iv.)  the  working  pressure ; 
and  lastly  (v.)  the  commercial  efficiency  and  input. 

(i.)  H.P  =  -OlUnT 

H.P. 


i.  e.  T  = 
In  the  present  case : —     T  = 


'0U4n 
30  X  60 


•0114  X  600 
=  263  pound-feet. 


(ii.)  T  =  -^EK 


i.  e.  0  = 
In  the  present  case  : —     0  = 


852-3  X  10« 

T  X  852-3  X  10« 

FN 

263  X  852-3  x  IQQ 
24  X  10«  X  400 
262-6  X  852-3 


9600 
=  233  amperes. 


(iii.)  £  (volts)  -  -- - 

In  the  present  case  : —    £  = 


Npnp 
108 
400  X  24  X  log  X  10 
10« 
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=  40  X  24 
=  960  volts. 

(iv.)  G^l^J 

i.e.E-E=  RG. 

In  the  present  case : —   C  =  23*3  amperes,  and  E  =  960  volts. 
Thus  :—E  -  960  =  1-3  X  23*3 
t.  e.  J^  =  30  +  960 
=  990  volts, 
(v.)  As  will  be  shown  in  §  113: — 

Commercial  efficiency  =  -iLPJL. 
Input 

In  the  case  under  notice  the  output  is  30  H.P.,  and  the  input : — 

990  X  23-3 


iW' 


746 
=  30-9  H.P. 

Thus  the  efficiency  is  ^  x  100  =  97%. 
30*9 

This  figure  is  unduly  high,  as,  in  order  to  simplify  the  example, 

no  allowance  has  been  made  for  eddy  current,  frictional,  and  other 


♦112.  Power  absorbed  by  a  Motor. — The  power  ab- 
sorbed by  a  motor  is  approximately  proportional  to  its  load. 
The  faster  a  given  motor,  supplied  at  a  given  pressure, 
rotates,  the  less  work  it  does;  and  the  less  will  be  the 
power  absorbed,  for  the  greater  will  be  the  counter  E.M.F. 
The  more  slowly  the  motor  rotates,  i.  e,  the  heavier  the 
work  it  has  to  do,  the  greater  the  power  absorbed,  as  the 
counter  E.M.F.  will  be  diminished. 

Owing  to  the  absorption  of  power  being  practically  in 
proportion  to  the  demand,  electric  motors  possess  great 
advantages  over  other  kinds  of  motor,  such  as  steam-,  gas-, 
or  oil-engines,  etc.  A  train  or  tram  motor,  for  instance,  on 
first  starting,  takes  a  large  current,  and  is  thus  able  to 
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exert  the  great  effort  required  at  starting.  As  the  speed 
increases  the  counter  E.M.F.  rises;  and  the  current,  and 
therefore  also  the  power  developed,  decrease.  When  the 
motor  is  running  at  full  speed,  it  takes  its  minimum 
current  and  power. 

The  electrical  power  absorbed  by  a  direct-current  motor 
is  given  by  the  product  of  the  current  passing  through  it 
and  the  pressure  at  its  terminals. 

Example. — A  motor  connected  to  mains  k^pt  at  a  constant  pressure 
of  250  voltsy  takes  a  current  of  75  amperes.  What  is  the  power 
delivered  to  it? 

Power  =  E  xG  (Chap.  IL) 
=  250  X  75 
=  18,750  watts 

=  1|!52  =  25H.P. 
746 

113.  Efficiency  of  Motors. — The  commercial  or  total 
efficiency  of  a  motor  is  the  ratio  of  the  mechanical  power 
given  out  by  it  to  the  electrical  power  delivered  to  it. 
Thus : —  percentage  commercial  eflBciency  = 
Mechanical  power  given  out  x  100 
Electrical  power  delivered. 

Example. — A  m^tor  is  required  to  give  out  8  H.P.  when  used  on 
mains  at  110  volts.  Assuming  that  its  commercial  efficiency  will  he 
88%,  what  cui'rent  must  it  taJce  f 

Let  X  =  electrical  power  delivered.     Then  : — 

H.P.  given  out  :  H.P.  put  in  ::  88  :  100 

i,e.'.~  8      :         X        ::  88  :  100 

100  X  8 
X  =  

88 

=  9-1  H.P.    (Power  to  be  delivered.) 

mu  4. 4.i,«    f  9*1  X  746  (watts) 

The  current  therefore  = ^^__^_- — L 

110  (volts) 

=  62  amperes. 
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114.  Electrical  EpFiciENcr. — When  a  motor  first 
starts,  the  current  passing  through  it  is  comparatively  large; 
but  as  it  gets  up  speed,  its  counter  E.M.F.  increases  aod  so 
cuts  the  current  down.  When  the  motor  is  at  rest,  and 
current  is  turned  on,  it  is  obviously  doing  no  work ;  as  no 
power  is  being  utilized,  though  the  current  through  it  is 
at  a  maximum.  Directly  the  motor  begins  to  turn  it 
commences  to  do  work ;  and  the  faster  it  runs,  the  greater 
becomes  its  back  E.M.F.,  and  the  greater  is  the  proportion 
of  power  utilized.  It  must  be  noted  that,  while,  as  we  have 
seen,  the  torque  is  greatest  when  a  motor  is  running  very 
slowly,  and  decreases  as  the  speed  increases;  the  power 
given  out  increases  just  at  first,  and  then  decreases  as  the 
speed  rises,  and  the  proportion  of  the  power  utilized  in- 
creases. The  ratio  or  proportion  of  the  electrical  power 
utilized  to  that  given  to  the  motor,  is  a  measure  of  its 
electrical  efficiency. 

Thus  : —  percentage  electrical  eflSciency  = 
Electrical  power  utilized  or  turned  into  motive  power  x  100 
Electrical  power  supplied. 

From  the  foregoing  it  should  be  clear  that  the  electrical 
power  utilized  =  EC,  and  that  the  power  supplied  is  JEG 
(or  UG  +  EG 8  in  the  case  of  shunt  or  compound  motors, 
where  Gs  is  the  current  in  the  shunt  winding). 

.  • .  percentage  electrical  eflBciency  = -— 

E  X  100 

H 

or  electrical  efficiency  =  jr 
Here  f ,  as  before,  stands  for  the  back  E.M.F.  developed 
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by  the  motor,  and  ^  for  the  working  pressure  applied  to  it. 
Thus  the  elcctt'ical  efficiency  of  a  series  and  also  (approxi- 
mately) of  a  shunt  motor  is  the  ratio  of  its  back  E.M.F. 
to  the  working  E.M.F. ;  and  it  consequently  varies  at 
diflferent  speeds,  being  nothing  when  the  motor  is  at  rest, 
and  increasing  as  the  speed  and  the  back  E.M.F.  rise. 

The  losses  in  a  motor  may  be  set  down  under  five  heads, 
thus : — 

(i.)  Friction  of  bearings,  gearing,  and  brushes. 

(ii.)  Air  friction. 

(iii.)  Hysteresis. 

(iv.)  Eddy  currents. 

(v.)  C^R  loss  in  armature  and  field  conductors. 

The  first  four  of  these  account  for  what  is  termed  the 
stray  'power  in  a  motor. 

The  mechanical  and  the  commercial  or  total  efficiencies 
of  a  motor,  and  their  relations  to  the  electrical  efficiency, 
are  as  follows : — 

EFFICIENCY. 

Electrical  power  converted  into  Mechanical  (  EnSjciency 
Tjnwpr  J      of  the 

Electrical  =  ^P-5^?^i^ ^—y-A )  electrical 

Electrical  power  absorbed.  I     ^Qyin^^ 

Mechanical    power  available  for  useful  (  Efficiency 

_     work.  )     of  the 

Mechanical  =  £jg^^j..^j  power  converted  into  Mechani-  ]  mechani- 
cal power.  '   ^^  party. 

Mechanical  power  available  for  useful  \  Efficiency 
Commercial  )  _     work.  __  *{  ^^  conver- 

or  Total     J      Electrical  power  absorbed.  I      ^ion. 

Electrical  Efficiency  x  Mechanical  Efficiency  =  {  Effi^e^cy  ^ 
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^.         Elec.  P.  converted      Mech.  P.  available  _  Mech.  P.  available. 
Elec.  P.  absorbed       Elec.  P.  converted  ~~  Elec.  P.  absorbed. 

The  difference  between  the  electrical  and  commercial 
efficiencies  of  a  motor  is  most  marked  when  it  is  fitted  with 
self-contained  speed-reducing  gear,  and  the  mechanical 
power  given  out  is  measured  at  the  slow  shaft  of  this 
gear  and  not  at  the  armature  shaft.  When  the  power  of 
a  motor  is  taken  directly  off  the  armature  shaft,  the  dif- 
ference between  the  two  efficiencies  is  a  minimum. 

115.  To  Calculate  the  Efficiency  of  a  Dynamo 
WHEN  USED  AS  A  MoTOR. — Knowing  the  output  of  a 
dynamo  at  a  given  speed,  and  its  resistance ;  to  find  its 
electrical  efficiency  as  a  motor. 

Example. — A  series  dynamo  has  an  armature  resistance  of  '6  w, 
and  afield  resistance  of  '6  w ;  and  at  a  certain  speed  it  gives  a  current 
o/  12  amperes  atWb  terminal  volts.  Find  its  electrical  efficiency  as  a 
motor  at  that  speed  and  current. 

The  problem  is :— (i.)  To  find  the  E.M.F.  of  the  dynamo, 
which  will,  of  course,  be  equivalent  to  the  back  E.M.F.  of 
the  machine  when  used  as  a  motor  at  that  speed  and 
current :  (ii.)  knowing  the  back  E.M.F.  and  the  resistance 
of  the  machine,  to  find  the  necessary  working  pressure  to 
force  a  current  of  12  amperes  through  the  motor:  and, 
(iii.)  knowing  the  watts  supplied  to  and  those  lost  in  the 
machine,  to  deduce  therefrom  its  electrical  efficiency  as  a 
motor. 

(i.)  The  total  resistance  of  the  machine  is  1*2  co,^  and 
the  loss  of  volts  in  it  is  12  x  1*2  =  14*4  volts.  The  total 
volts  generated  by  the  dynamo  consequently  =  115  -|-  14*4 
=  129*4  volts.     The  back  E.M.F.'f  of  the  machine,  when 

1  See  footnote,  p.  323. 
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used  as  a  motor  at  the  given  speed,  will  therefore  be  1294 

volts. 

(ii.)  The   necessary  pressure   U  to   force  a  current  C 

through  a  known  resistance  B,  against  a  back  E.M.F.  f 

is: — 

i:  =  {Ox  B)+  E. 

In  this  case : — 

^  =  (12  X  1-2)  +  129-4 

=  14-4  +  129-4 

-=  143-8  volts. 

(iii.)  The  watts  supplied  to  the  machine  =  143*8  x  12 

=  1725-6  =  say,  1726  watts. 

The  watts  lost  in  machine  =  G^E  (Chap.  IV.). 

=  122  X  1-2 

=  144  X  1-2 

=  172-8,  say  173  watts. 

.  • .  watts  available  as  motive  power  =  1726  —  173  =  1553, 

making  no  allowances  for  other  losses  in  the  machine. 

^     .  '    ^     ax  •               1^53  X  100 
.  • .  electrical  emciency  =  — ~— 

=  90%.  " 
The  above  method  is  instructive,  but  of  course  the  shortest 
way  to  find  the  electrical  efficiency,  knowing  ^  and  f,  is 
as  follows : — 

Electrical  efficiency  = (§  114) 

_  129-4  X  100 

143-8 
=  90%. 
The  reader  should  compare  the  two  methods. 
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116.  Lead  of  Dynamos  and  Motors  —  In  Chap.  VIIL 
it  was  briefly  explained  that  the  field  of  a  dynamo,  and 
therefore  also  the  neutral  points  on  the  commutator,  are 
twisted  round  in  the  direction  of  rotation,  thus  necessi- 
tating the  giving  of  a  forward  lead  to  the  brushes. 
That  is  to  say,  the  latter  have  also  to  be  moved  round 
slightly,  in  the  direction  of  rotation,  from  their  theoretical 
positions. 

In  a  motor,  the  field  is  likewise  twisted  or  distorted,  but 
in  the  opposite  direction  to  that  of  the  rotation.  It  is  con- 
sequently necessary  to  give  the  brushes  a  hacJcward  lead  or 
a  lag. 

The  reasons  for  the  above  may  be  roughly  understood 
from  the  following  figures,  dealing  with  2-pole  fields 
only ;  though,  be  it  remembered,  the  lead  of  a  dynamo  is 
forward,  and  of  a  motor  backward,  whatever  the  number 
of  field  poles.1 

Fig.  183,  I.,  represents  the  flux  through,  and  the  conse- 
quent polarity  (dotted  N.S.)  of  the  armature  core  of  a 
dynamo  or  motor  when  stationary,  and  when  no  current  is 
flowing  through  the  armature.  The  diameter  of  com- 
mutation (Chap.  VIIL)  would  then  be  as  shown  by  the 
vertical  dotted  line  B.  Now  suppose  (Fig.  183,  II.)  the 
armature  is  driven  as  a  dynamo  in  the  direction  of  the 
curved  arrow.  The  current  flowing  in  the  two  halves  of 
the  armature  will  then  be  such  as  magnetize  the  top  and 
bottom  of  the  core  as  shown,  neglecting  for  the  moment 
the  magnetization  of  the  core  by  the  field. 

1  Some  machines  are  constructed  with  a  view  of  reducing  or 
altogether  doing  away  with  the  necessity  for  lead  or  lag,  but  such 
cannot  be  considered  here. 
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In  Fig.  183,  III.,  the  joint  eflfect  of  the  magnetizations 

of  the  core  due 
to  (i.)  the  flux  of 
the  field,  and  (ii.) 
the  flow  of  current 
in  the  armature, 
is  shown;  the  con- 
sequent twist  of 
the  field  being 
approximately  as 
drawn  in  Fig.  178, 
The  dotted  line  D 
represents  the 
new  diameter  of 
commutation,  this 
being  twisted 
round  in  the 
direction  of  rota- 
tion. 

Now,  if  the 
polarity  of  the 
F.Ms,  and  the 
direction  of  rota- 
tion are  to  be  the 
same  as  before ; 
when  the  machine 
is  used  as  a  motor, 
the  current  must 
T.     too    T    J     J  T    '  *T>    1,  be  sent  in  the  op- 

FiG.  183.— Lead  and  Lag  of  Brushes.  .  *^ 

posite      direction 
through   the   armature   coils   (§  108).     The    polarity   of 
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the  core  due  to  the  current  flowing  through  its  coils  will 
then  be  as  shown  in  Fig.  183,  IV.  Thus  the  joint  effect  of 
the  magnetizations  of  the  core  due  to  the  current  and  to  the 
field,  will  be  as  shown  in  Fig.  183,  V. ;  and  the  dotted  line 
or  diameter  of  commutation  B,  being  twisted  in  a  backward 
direction  from  its  theoretical  or  upright  position  (Fig.  183, 
I.),  it  follows  that  the  lead  of  the  brushes  must  also  be 
backward.^ 

*117.  Difference  in  Action  between  Series  and 
Shunt  Motors.  Starting  Switches. — The  field  magnets 
of  motors  maybe  either  series-,  shunt-,  or  compound- wound; 
or  they  may  be  separately  excited,  these  terms  having  the 
same  general  meaning  as  when  applied  to  dynamos  (Chap. 
VIII.),  The  method  adopted  depends  both  upon  the  supply 
circuit  from  which  the  motor  is  to  derive  its  current,  and  on 
the  work  for  which  it  is  intended ;  for  what  will  succeed  well 
under  certain  conditions  may  work  very  badly  under  others. 
Compound-wound  motors  possess  certain  advantages  over 
those  with  plain  series  or  shunt  excitation  under  definite 
conditions;  and  such  are  briefly  referred  to  in  §  118. 
Separately-excited  motors  are  so  rarely  employed,  that  it 
is  not  necessary  for  us  to  deal  with  them  here. 

The  series  motor  is  perhaps  the  most  extensively  used 
for  heavy  work,  especially  for  traction  purposes  (§  129), 

^  Some  confusion  is  likely  to  arise  as  to  the  direction  of  the  current 
indicated  by  the  signs  in  the  little  circles  in  Figs.  178  and  183.  In 
all  cases,  for  the  sake  of  uniformity,  the  +  sign  should  denote  that 
the  current  is  flowing  outwards,  and  the  -  sign  that  it  is  flowing 
inwards.  This  is  also  the  way  the  signs  would  be  used  in  the  case 
of  generators.  In  some  motor  diagrams  that  we  have  seen,  however, 
the  reverse  is  the  case  ;  the  +  sign  denoting  the  inward  flow  of  the 
current,  and  the  -  sign  the  outward  flow. 
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where  a  very  large  torque  is  required  at  starting.  From 
Fig.  184,  which  shows  the  connections  of  such  a  motor,  it 
must  be  evident  that,  when  the  pressure  is  first  applied, 
the  back  E.1\1.F.  is  a  minimum,  and  a  large  current  flows 
through  both  armature  and  field  coils,  the  latter  being 
excited  to  their  greatest  degree.  In  practice,  a  switch  is 
used  which  inserts  resistance  in  the  circuit  when  the 
motor  is  started.  Otherwise  a  very  large  current  would 
pass,  which  would  probably  result  in  the  dangerous  heating 
of  both  armature  and  field-magnet  windings,  especially  if 
the  motor  had  to  start  against  a  heavy  load. 

There  are  many  kinds  of  such  starting  switch  (§  119), 

Fig.  184. — Circuit  of  Series  Motor. 

and  a  simple  form  is  shown  diagrammatically  in  Fig.  185. 
When  the  lever  L  is  in  the  position  shown,  no  current 
passes  through  the  motor.  When  L  is  placed  on  the 
second  contact,  the  current  is  put  on,  but  through  the 
whole  of  the  resistance.  As  the  motor  gets  up  speed,  the 
lever  may  be  successively  moved  over  the  stops  to  the  last 
contact  Gy  when  the  full  pressure  will  be  applied  to  the 
motor,  the  mains  from  which  the  supply  is  taken  being 
supposed  to  be  kept  at  a  constant  P.D.  The  speed  of  a 
series  motor  may  be  altered  by  varying  the  pressure  at 
its  terminals;  and  this  is  another  feature  which  makes  it 
so  useful  in  traction  work ;  the  alteration  of  pressure  being 
effected,  for  instance,  by  the  use  of  a  variable  resistance 
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in  circuit.     With  such  a  motor,  the  speed  is  proportional 
to  the  pressure,  and  the  torque  to  the  current. 

Series  motors  are  not  adapted  for  stationary  work  where 
the  load  varies  considerably,  as  in  the  driving  of  the  shaft- 
ing or  machinery  in  a  factory,  where  machines  are  con- 
stantly being  thrown  on  and  off  by  means  of  fast  and  loose 
pulleys.  The  reason  for  this  is  that  if  the  load  is  suddenly 
taken  off  the  motor  while  the  pressure  is  kept  on  its 
terminals,  it  will  instantly  begin  to  **  race "  or  run  at  a 

FM 
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Fig.  185.— Simple  Starting  Switch  for  Series  Motor. 

high  rate  of  speed.  Series  motors  are,  however,  suit- 
able for  driving  fans,  pumps,  and  other  machines  with 
a  constant  load. 

Shunt  motors  differ  very  materially  in  their  action  from 
series  motors,  because  of  the  difference  in  the  connection  of 
the  field  coils  to  the  circuit  (Fig.  186).  Unlike  the  series 
motor,  with  a  steady  pressure,  the  excitation  of  the  fields 
will  always  be  the  same,  the  current  in  the  armature  alone 
altering.  The  latter  will  tend  to  run  at  a  fairly  uniform 
speed  at  varying  loads.  Thus  if  the  load  be  increased,  the 
speed,  and  therefore  also  the  counter  E.M.F.,  momentarily 
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fall  oflf,  and  a  stronger  current  passes  through  the  armature, 
enabling  it  to  exert  a  greater  torque.  Conversely,  if  the 
load  decreases,  the  counter  E.M.F.  will  increase,  and  this 
will  decrease  the  armature  current,  and  consequently  the 
torque  also.  Thus  the  speed  will  remain  fairly  constant. 
Though  shunt  motors  are  not,  like  series  motors,  adapted 
for  starting  against  a  heavy  load,  owing  to  the  excita- 
tion being  constant;  they  are  very  suitable  for  ordinary 
motive  purposes,  such  as  driving  stationary  machines 
of  various  kinds. 

The    starting   switches   for   shunt   motors   diflfer   from 

those  used  with  series 
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Fig.  186.— Circuit  of  Shunt  Motor. 


motors.  The  current 
must  first  be  sent 
through  the  field 
coils,  and  then 
through  the  armature 
with  resistance  in 
series,  which  latter 
may  afterwards  be 
gradually  cut  out.  Such  an  arrangement  is  shown  diagram- 
matically  in  Fig.  187.  One  end  of  both -the  armature  and 
F.M.  circuits  is  joined  to  one  supply  terminal  T—;  the  other 
ends,  as  well  as  the  resistances  JS,  B",  and  iJ",  being  con- 
nected, in  the  order  shown,  to  the  contact-tongues  I,  2, 
3,  4y  ^,  and  6.  Cis  a  contact-piece  pivoted  at  ^,  and  capable 
of  rotation,  in  the  direction  shown  by  the  curved  arrow, 
by  means  of  the  handle  JT,  When  it  is  moved  far  enough 
to  connect  together  tongues  1  and  ^,  the  current  passes 
through  the  F.M.  coils.  A  further  movement  connects 
1,  2,  and  ^,  and  puts  the   current   on  to   the   armature 
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through  the  resistances  i?,  H",  and  R\  The  next  step  short- 
circuits  E,  the  next  both  R  and  E\  and  the  last  -B,  B^, 
and  -B",  so  that  there  is  then  no  extraneous  resistance  in  the 
armature  circuit.  In  practice,  of  course,  it  is  necessary  to 
have  more  than  three  resistance  steps. 

Practical   forms    of    motor-starting    switch    are    dealt 
with  in  §§  119-124. 

The  speed  of  a  JC 
series  or  shunt 
motor,  supplied  from 
constant  pressure 
mains, may  be  varied 
by  altering  its  field 
excitation.  It  will 
run  faster  if  the  field 
excitation  be  weak- 
ened, and  slower  if 
it  be  strengthened  : 
the  load  being  kept 
constant.  The  reason 
of  this  is  that,  owing 
to  the  reduction  of 
the  field,  the  back 
E.M.F.  decreases, 
and  the  latter  is  only  restored  (so  as  to  keep  the  product 
£  G  constant)  by  an  increase  of  speed,  which  thereupon 
takes  place;  and  vice  versd  (§  114). 

The  field  excitation  of  motors  may  be  governed  in  much 
the  same  ways  as  that  of  dynamos  (§§11  and  12). 

118.  Compound-wound   Motors. — It  was    explained 
in  §  8  that  the  effect  of  compound  winding  in  dynamos  is 


,  187.— Simple  Starting  Switch  for 
Shunt  Motor. 
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to  cause  them  to  generate  a  constant  E.M.F.  when  driven 
at  a  constant  speed ;  even  though  the  current  taken  out  of 
the  machine  varies  within  wide  limits.  Conversely,  if  we 
wind  a  motor  with  both  shunt  and  series  coils,  it  will  run 
at  a  constant  speed  when  supplied  at  a  constant  pressure, 
even  though  the  load  varies  considerably.  But  while  in 
a  dynamo  the  shunt  and  series  coils  help  each  other,  or 
are  cumulative  in  effect;  a  compound  motor  must  be 
differentially  wmcnd,  that  is  to  say,  the  series  coil  must 
oppose  or  tend  to  lessen  the  effect  of  the  shunt  coil. 

The  reason  for  this  is  as  follows: — Consider  a  simple 
shunt-wound  machine  (Fig.  186)  supplied  at  a  given  con- 
stant pressure  V,  and  running  at  a  certain  speed  with  a 
given  load.  If  the  load  be  considerably  reduced,  the  cur- 
rent in  the  armature  must  decrease :  but  the  current  cannot 
decrease  unless  in  some  way  the  back  E.M.F.  of  the 
armature  be  increased.  The  motor  consequently  runs  at 
a  higher  rate  of  speed  in  order  to  bring  about  this  increase 
in  the  back  E.M.F.  Now  suppose  the  machine  to  be 
differentially  compounded  (Fig.  188),  so  that  the  effect  of 
Se  is  to  oppose  that  of  Sh.  Then,  whenever  a  reduction  of 
load  takes  place,  the  current  flowing  through  the  armature 
and  Se  will  decrease,  and  the  flux  of  the  field  will  increase, 
thus  enabling  the  machine  to  generate  a  proportionately 
greater  counter  E.M.F.  without  any  increase  in  speed. 

In  a  compound-wound  dynamo  the  speed  is  kept  con- 
stant, and  the  current  in  the  armature  and  series  winding 
varies  with  the  load,  the  effect  of  the  series  winding  being 
to  help  the  shunt  winding,  and  prevent  the  P.D.  at  the 
terminals  from  altering.  In  a  compound  differentially- 
woulnd  motor,  on  the  other  hand,  it   is  the  working  P.D. 
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which  is  kept  constant.  The  current  in  the  armature  and 
series  winding  varies  with  the  load,  but  the  eflfect  of  .the 
series  winding  is  to  oppose  the  shunt  winding,  and  prevent 
the  speed  from  altering. 

Compound  motors  are  most  useful  when  frequent  stop- 
pages are  necessary,  and  when  the  load  varies  suddenly. 
Where  large  starting  torque  is  required,  and  constant  speed 
is  not  important,  the  motor  windings  should  be  cumulative, 
not  differential.  Large  starting  torque  may  be  obtained, 
without  sacrificing  constancy  in  speed,  by  arranging  the 
switch  gear  and  the 

windings  so  that  the     ^->.-.»r-«--»r-v--<-^^^ 
latter    are    oumula-     rMM^JM^MTO^ 
tive  on  starting  the     I 
motor;     the     series   y       ^S^TTN 
windings  heing  dif-  (?A)  )     (yiQlJTftftW) 

ferentially  connected  ViX-J     ""UUU 


Se 

Fig.  188.— Circuit  of  Compound  Motor. 


when  the  motor  has 

attained   its    normal 

speed.        Compound 

motors  are  not  often  used,  however,  as  well-designed  series 

and  shunt  machines  will  fulfil  most  conditions  but  that 

of  absolutely  constant  speed,  and  the  latter  is  not  often 

indispensable. 

As  will  be  evident  from  Fig.  188,  there  is  just  a  possi- 
bility of  reversing  the  polarity  of  a  diflferential  compound 
motor,  unless  the  usual  care  is  taken  to  start  up  gradually. 
This  difficulty  may  be  avoided  by  so  arranging  the  switch, 
that  the  series  coil  is  either  short-circuited,  or  its  connec- 
tion reversed,  at  the  moment  of  starting. 

An  illustration  of  the  adaptation  of  a  compound-wound 
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dynamo  to  motor  work  is  given  in  Example  (h),  § 
127. 

119.  Motor-starting  Switches. — In  the  preceding 
paragraph,  it  was  explained  that  a  multiple-way  switch, 
connected  with  a  graduated  resistance,  must  be  used  with 
motors ;  so  that  the  current  may  be  applied  gradually  to 
the  latter  on  starting;  and,  when  necessary,  varied  in 
strength  during  working.  Practical  forms  of  motor-start- 
ing switch  have  various  devices  for  ensuring  the  protection 
of  the  motor  from  overheating ;  and  in  the  more  elaborate 
of  these,  it  is  impossible  for  the  most  careless  attendant  to 
do  harm. 

Referring  to  Fig.  185,  it  will  be  evident  that  if  a  simple 
multiple- way  switch  be  used,  there  is  nothing  to  prevent  the 
operator  from  working  the  lever  round  quickly  instead  ot 
gradually,  and  so  practically  putting  the  full  pressure  on 
to  the  motor  before  it  has  had  time  to  start.  In  the  best 
forms  of  motor-starting  switch,  sometimes  termed  fool- 
proof switches,  it  is  rendered  impossible  for  the  switch 
lever  to  be  moved  over  the  stops  otherwise  than  slowly. 

A  switch  for  use  for  starting  purposes  only  is  termed  a 
motoo'-starting  switch  or  rheostat,  or  motor  starter ;  while 
a  motor  controller  or  regulating  o^heostat  is  a  switch  which 
enables  the  speed  to  be  governed  by  altering  the  resistance 
in  circuit ;  and  a  reversing  controller  enables  also  the  direc- 
tion of  rotation  to  be  altered  at  will.  In  a  controller,  the  two 
functions  of  starting  and  controlling  are  combined  in  one 
switch.  The  graded  resistances  used  with  these  switches 
are  generally  formed  of  wire,  this  being  mounted  and  in- 
sulated in  a  variety  of  diflferent  ways,  which  cannot  be  con- 
sidered here.     It  may  be  pointed  out,  however,  that  while 
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the  resistance  coils  of  a  starter  are  only  required  to  carry 
current  during  the  very  short  time  occupied  by  the  motor 
in  getting  up  speed ;  those  of  a  *'  controller  "  or  speed  regu- 
lator have  to  carry  current  continuously,  and  must  neces- 
sarily be  of  ample  carrying  capacity.  All  the  best  switches 
are  now  so  arranged  that  the  contact  lever  automatically 
returns  to  the  '*  off"  position  should  the  supply  pressure 
fall  or  fail,  or  the  current  become  excessive. 


Fig.  189. — Simple  Slow  Starter  and  Controller  for  Series  Motor. 

102.  Starters  for  Series  Motors. — For  a  series- wound 
motor  driving,  say,  a  fan ;  the  starter  and  controller  would 
be  combined  in  one,  the  connections  of  the  circuit  being  as 
in  Fig.  185.  To  prevent  the  resistance  being  cut  out  too 
quickly,  some  such  arrangement  as  is  given  in  Fig.  189 
would  be  preferable.  Here  the  movable  switch-arm  A, 
which  is  shown  in  the  "  oflf "  position,  is  rotated  in  the  direc- 
tion of  the  curved  arrow  by  the  hand-wheel  Jly  through  worm 
or  screw-gearing  G,  so  that  it  cannot  possibly  be  turned 
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too  quickly.  When  A  has  been  moved  a  short  distance 
from  the  position  illustrated,  its  right-hand  end  makes  con- 
tact with  the  curved  contact-plate  (7,  and  its  left-hand  end 
with  the  first  of  the  resistance  contacts  /;  and  the  current 
is  thus  put  on  to  the  motor  through  the  whole  of  the 
resistance  B,  As  A  moves  further  round;  the  resistance  is 
gradually  cut  out.     The  fuses  F  must  be  carefully  adjusted 


Fig.  190.— Simple  Slow  Starter  and  Controller  for  Series  Motor  (Moy). 

to  prevent  too  heavy  a  current  passing  through  the  motor 
from  any  unforeseen  cause ;  and  no  other  switch  than  that 
on  the  controller  should  be  used,  thus  making  it  certain 
that  all  the  resistance  is  in  circuit  every  time  the  motor  is 
started.  An  actual  switch  of  this  description  is  depicted 
in  Fig.  190,  the  resistance  coils  being  mounted  in  the  frame 
behind.  The  upper  part  of  this  frame  has  been  cut  away 
in  order  to  reduce  the  size  of  the  fiofure. 


§  120.] 


STARTERS  FOR  SERIES  MOTORS. 


343 


When  it  is  not  necessary  that  any  of  the  resistance 
should  be  in  circuit  after  the  series  motor  has  started, 
some  such  switch  as  that  diagrammed  in  Fig.  191  may  be 
employed.  A  helical  spring  coiled  round  the  arm  axle  P,  and 
acting  on  the  switch-arm  A,  tends  to  keep  it  in  the  "oflF" 
position  against  the  stop  S.  This  arm  carries  a  soft  iron 
armature  /,  which 
is  held  by  the  poles 
of  the  electro-mag- 
net JS  when,  in 
starting  the  motor, 
the  arm  has  been 
gradually  forced 
over  as  far  as  it 
will  go.  The  coil 
of  the  magnet  is 
connected  up  as 
shown,  and  should 
anything  happen  to 
interrupt  the  cur- 
rent, A  will  be  re- 
leased, and  will  fly  over  to  the  "  off"  position.  E  is  usually 
shunted  by  a  small  resistance  i2,  so  that  only  a  portion 
of  the  main  current  flows  through  it.  This  device  is 
termed  a  no-voltage  release,  and  ensures  that  all  the 
resistance  is  in  circuit  every  time  the  motor  is  started. 
With  this  type  of  starter  it  is  usual  to  have  a  separate 
switch  for  breaking  circuit,  as  indicated  at  Sw;  and  it  will 
be  clear  that  when  the  motor  is  stopped  by  opening  Sw,  A 
will  be  released.  Further,  it  will  be  impossible  to  close 
the  circuit  at  the  starter  until  it  has  been  first  closed  at 


Fig.  191.— starter  for  Series  Motor. 
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Sir.  It  would  be  well  to  fix  Sw  out  of  arm's  length  of  A, 
so  that  the  operator  could  not  hold  A  over  with  one  hand, 
then  close  the  circuit  at  SfF,  and  so  defeat  the  purpose  in 
view. 

In  Fig.  191 A  we  have  a  diagram  of  a  combined  starter 
and  regulator  for  a  series  motor,  the  actual  appliance  being 
shown  in  Fig.  191b.  In  the  former  figure,  the  armature 
lever  A  and  the  handle  lever  H  are  shown  in  an  inter- 


1©^ 
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ArN^  F 

Fig.  191a. — Diagram  of  Series  Motor  Regulator  (Veritys), 

mediate  position,  as  they  would  be  in  the  act  of  putting 
the  switch  "  on,"  or  as  if  they  were  flying  **  off" ;  while  in 
the  latter  the  levers  are  in  the  "off"  position.  A  and 
H  are  pivoted  about  the  same  axis,  but  A  only  is  acted 
upon  by  the  pull-off  spring,  which  happens  when  the  mag- 
net M  is  too  weak  to  hold  A  to  itself.  One  of  the  supply 
mains  (say  the  —  )  is  connected  through  the  field  F  and 
armature  Ar  of  the  motor  to,  say,  the  left-hand  terminal 
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T,  and  the  other  main  to  the  right-hand  terminal  T,  No 
current  can  flow  until  (by  moving  H  to  the  right  and 
forcing  A  round  in  front  of  it)  the  armature  of  A  is 
brought  against  the  poles  of  if,  and  the  extremity  of  A 
makes  contact  with  the  stud  S,  Current  then  flows  via 
T,  if,  Sy  A,  and  H  to  the  stud  S\  and  thence  through  the 
whole  of  the  resistance  It  to  the  motor.  IT  is  then  moved 
lachwards  to  cut  out  the  resistance,  and  may  be  left  on  any 
intermediate   stop   to   regulate   the   speed  of  the  motor. 


Fig.  191b.— Series  Motor  Regulator  (Veritjs). 

Sliould  the  pressure  fall,  or  the  supply  fail,  M  will  release 
A,  and  the  latter  will  fly  round  to  the  off  position,  forcing 
H  in  front  of  it.  To  stop  the  motor  the  key  JTis  depressed, 
thus  short-circuiting  M\  and  the  same  thing  happens. 

The  apparatus  illustrated  has  only  a  no- voltage  release, 
but  an  excess-current  or  overload  release  is  obtained  by  fitting 
another  magnet  in  the  circuit  between  T'  and  M]  and 
arranging  that  its  armature,  when  strongly  enough  at- 
tracted, shall  bring  two  contacts  together  and  short-circuit 
M,  These  two  contacts  could  also  be  brought  toojether 
by  hand,  and  would  then  take  the  place  of  the  key  K. 
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121.  Starters  for  Shunt  Motors.— The  siJar^^r  of  a 
shunt  motor  is  different  from  that  of  a  series  one,  pro- 
vision having  to  be  made  for  the  shunt  field  circuit.  The 
connections  of  such  an  one,  with  a  no-voltage  release,  are 
given  in  Fig.  192;  the  actual  switch,  mounted  on  the  front  of 

an  iron  case  containing 
the  resistance,  being 
shown  in  Fig.  193.  Re- 
ferring to  the  former 
figure,  it  wilJ  be  noticed 
that  the  switch-arm  SA 
is  in  the  "on"  position. 
The  current  entering 
from  the  mains  vid  the 
double-pole  switch  S, 
proceeds  to  JT,  where 
it  divides,  part  going 
through  the  field  coil  F, 
and  the  main  current 
through  the  armature 
A,  The  armature  cur- 
rent entersthe  "starter" 
at  the  terminal  Arm, 
and  traversing  the 
switch  lever,  leaves  by 
the  terminal  Line, 
S   back   to    the    supply 
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Fig.  192. — Connections  of  Starter  for 
Shunt  Motor  (Ward  Leonard). 


and   thence   proceeds   through  rr»/ 

mains.  The  field  current  from  JT  and  F  enters  at  the 
terminal  Field,  traverses  the  coil  of  the  "  hold-on " 
magnet  F,  and  thence  completes  its  journey  through 
the  whole  of  the  resistance,  and  through  the  switch-arm. 
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to  the   terminal  Line  on  the  other  side  of  the  supply 
circuit. 

When  the  supply  is  cut  off  by  opening  S,  or  should  the 
field  circuit  be  accidentally  broken,  the  magnet  E  will 
release  the  switch-arm,  which  will  thereupon  fly  to  the 
"off**  stop  0,  the  shock  being  taken  by  a  spring  buffer,  as 
shown  in  Fij?.  193. 


Fig.  193.— Stirter  for  Shunt  Motor  (Ward  Leonard). 

It  should  be  noticed  (in  Fig.  192)  that  when  the  switch- 
arm  is  "  off,"  A  and  F  form  a  closed  circuit  with  the  resist- 
ance B  and  magnet  E;  the  inductance  of  F  has  con- 
sequently no  chance  of  causing  destructive  sparking  when 
the  current  is  shut  off.  In  starting  the  motor,  S  is  first 
closed,  and  then,  as  the  switch-arm  is  slowly  put  on,  the 
resistance  R,  which,  to  start  with,  is  all  in  circuit  with  A,  is 
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gradually  transferred  from  A'^  to  J^'s  circuit.  The  value 
of  B  is  too  sniall  to  aflfect  appreciably  the  current  in  F^ 
which  necessarily  consists  of  a  comparatively  large  number 
of  turns  of  fine  wire.  This  arrangement  is  adopted  for  the 
express  purpose  of  rendering  the  breaking  of  the  shunt 
circuit  unnecessary.  It  is  rendered  clearer  by  the  diagram 
Fig.  194,  which  gives  the  circuit  connections  of  Fig.  192, 
and  is  similarly  lettered  but  differently  arranged.  The 
two  figures  should  be  compared. 

Simply  arranged  circuit  diagrams  such  as  these  are  very 


^-^WMTOM^ 


Fig.  194.— Circuit  Diagram  of  Fig.  192. 

useful  in  helping  one  to  understand  motor  connections. 
Others  are  given  in  Figs.  197,  200,  and  203. 

Fig.  195  shows  the  connections,  and  Fig.  196  an  eleva- 
tion and  plan,  of  a  motor  starter  with  two  automatic  re- 
leases. The  first  of  these  acts  when  the  supply  is  cut  off 
{no  voltage  release)  ;  and  the  second  in  the  event  of  the 
armature  cun-ent  exceeding  a  given  amount,  as  would 
happen  if  the  motor  were  overloaded,  and  its  speed  and  back 
E.M.F.  were  consequently  much  reduced ;  or  if  the  attendant 
attempted  to  switch  out  the  rheostat  resistance  too 
quickly.     The  latter  is  thus  termed  an  overload  release. 
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Referring  to  Fig.  195,  A  is  the  no-voltage  release  coil, 
which  is  in  series  with  the  field  winding  of  the  motor  M; 
and  B  the  overload  release  coil,  which  is  connected  in  the 
main  or  armature  circuit.  S  and  S'  are  two  switch-arms 
moving  about  the  same  centre,  but  independently  of  one 
another.  Springs  coiled  about  their  spindles  tend  to  pull 
them  "  off  in  opposite  directions,  as  shown  by  the  curved 
arrows.     Fig.  197  is  a  circuit  diagram  of  the  connections, 


Fig.  195. — Conaections  of  Motor  Starter  (Siemens). 

parts  of  this  corresponding  with  those  of  Fig.  195,  being 
similarly  lettered. 

The  starter  is  manipulated  by  the  handle  R  (Fig.  196), 
which,  when  turned  left-hand edly,  puts  S  "  on";  and,  when 
turned  right-handedly,  puts  S"  "on."  S  is  shown  "  on  "  in 
both  figures,  and  it  acts  as  a  main  S.P.  switch  with  auxiliary 
carbon  contacts  C,  0.  As  will  be  noticed,  putting  S  "on" 
completes  the  shunt  circuit,  and  a  hinged  catch  0  (Fig.  196), 
carried  on  the  arm  S,  engages  with  a  fixed  catch  C  on  the 
armature  a,  which  by  this  time  is  drawn  hard  down  on  to 
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the  pole  of  its  magnet  A,     S  is  in  this  manner  held  "  on  " 


Fig.  196. — Siemens  Motor  Starter  (Elevation  and  Plan). 

against  the  tension  of  a  coiled  spring  which  tends  to  pull  it 
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off  into  the  stoj)-jaws  «/,  the  latter  being  unconnected  with 
any  part  of  the  circuit. 

While  S  is  being  put  on,  S"  is  in  its  off  position,  which 
is  approximately  indicated  by  the  dotted  line  d.  H  being 
now  turned  right-handedly,  ^  first  reaches  the  position 
shown  in  the  figures,  this  completing  the  armature  circuit 
through  the  whole  of  the  resistance  R»  When  the  latter  is 
all  cut  out,  the  notch  n  engages  with  the  second  hinged 
catch  G"  on  S,  and  so  locks  ^^  in  position. 

When  it  is  desired   to   stop   the  motor,  the  handle  is 


FIELD 


o 
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Fig.  197.— Circuit  Diagram  of  Fig.  195. 

turned  left-handed ly,  this  causing  the  catch  C"  to  lift  G 
off  G'  and  so  release  S,  S'  at  the  same  time  travelling 
round  to  its  off  position. 

Should  the  current  be  interrupted  while  the  motor  is 
running,  the  armature  a  will  fly  up,  thus  raising  G  and 
allowing  C  to  release  n,^'  then  flying  off.  If,  on  the  other 
hand,  the  current  in  the  overload  coil  J5  gets  too  great,  the 
armature  a\  which  normally  is  not  attracted,  will  fly  up, 
and  in  so  doing  will  push  up  the  rod  r  and  knock  G  ofli*  G\ 
thus  releasing  both  S  and  S". 
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As  explained  at  the  commencement  of  this  description, 
the  overload  release  also  acts  if  the  attendant  switches 
the  resistance  out  of  circuit  too  quickly,  the  current  in 
B  (i.  e.  in  the  armature  circuit)  rising  above  the  normal. 

122.  Starters  for  Shitnt  and  Compound  Motors. — 
The  form  of  starter  for  use  with  a   compound  motor  is 


Fig.  198. — Starter  for  Shunt  or  Compound  Motor  (Sturtevant). 

virtually  the  same  as  that  employed  with  a  shunt  motor, 
the  series  winding  being  regarded  as  part  and  parcel  of 
the  armature  circuit. 

A  starter  with  both  no-voltage  and  overload  releases,  and 
suitable  for  either  shunt  or  compound  motors,  is  illustrated 
in  Fig.  198;  and  a  diagram  of  the  connections  igi  given  in 
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Fig.  199.  Referring  to  the  latter,  the  current  entering  at  the 
terminal  marked  +,  passes  through  the  magnet  coil  M  of 


Fig.  199. — Oonnections  of  Starter  for  Shunt  or 
Compound  Motor  (Sturtevant). 

the  overload  release,  to  the  switch-lever  L,  which,  by  the 
way,  is  shown  in  the  "oflf"  position.  As  soon  as  L  is 
moved  up  to  make  contact   with  the  first  stud  Sy  the 

A  A 


354  ELECTRIC  LIGHTING,  ETC.  [chap.  xiv. 

current  divides ;  part  going  through  the  resistance  B  and  vid 
the  —  terminal  to  the  series  coil  Se  (if  a  compound  motor) 
and  armature  J.,  and  part  through  the  electro-magnet-^tothe 
shunt  winding  Sff,  As  the  lever  L  is  moved  up  towards  S, 
the  effect  is  to  take  R  out  of  the  armature  circuit  and  put 
it  into  the  shunt  circuit.  When  the  iron  armature  a,  fixed 
on  the  switch  lever,  comes  against  the  poles  of  H,  the 
laminated  copper  brush  C  bears  against  the  blocks  B,  B, 
and  so  affords  a  better  path  for  the  current  than  through 


(a)— -<WB»>— ^ 


Sh 

Fig.  200.— Circuit  Diagram  of  Fig.  199. 

the  spindle  s.  Should  the  supply  voltage  fail,  either 
temporarily  or  permanently,  E  will  release  a,  and  L  will 
fly  off  under  the  tension  of  a  helical  spring  coiled  round 
its  spindle  s.  If,  on  the  other  hand,  there  should  be  an 
overload  on  the  motor,  tending  to  pull  it  up  and  thus 
cause  an  excess  of  current  to  flow  through  the  armature ; 
this  excess  current,  passing  through  J/,  will  cause  it  to 
attract  its  armature,  so  bringing  two  contacts  together 
at  K  which  will  short-circuit  E,  and  cause  the  switch 
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to  fly  off  These  connections  between  H  and  M  are  not 
shown  in  the  figure,  but  they  are  indicated  at  C  in 
Fig.  200,  which  is   a   circuit  diagram  of  Fig.  199,  and 


Fig.  201. — Starter  for  Shunt  or  Compound  Motor 
(Elec.  Transmission  Co.). 

should  be  carefully  compared  therewith.  When  only  the 
normal  current  is  flowing,  the  attraction  between  M  and 
its  armature  is  not   sufiicient  to  pull  the  latter  up.     The 
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diagram  (Fig.  199)  should  be  compared  with  Fig.  198, 
which  illustrates  the  actual  apparatus.  In  the  latter 
figure  the  armature  of  M  is  "  on,"  and  the  contacts  at  K 
are  closed,  while  in  Fig.  199  the  reverse  is  the  case.  The 
motor  may  be  '*shut  oflf"  by  raising  this  armature  by 
hand.  A  similar  arrangement  is  shown  at  M  in  Figs.  201 
and  202. 

Fig.  201  gives  a  view  and  Fig.  202  the  connections  of 
a  ''starter"  which  possesses  some  novel  features.  Chief 
of  these  is  an  automatic  magnetic  clutch,  which  prevents 
the  operator  switching  on  the  main  current,  should  the 
field-magnet  not  be  well  excited,  or  should  the  pressure  be 
too  low ;  while  it  automatically  releases  the  switch-arm  if 
either  the  voltage  falls  or  the  current  fails. 

The  handle-arm -4  is  not  attached  to  the  switch-lever  Z,  but 
is  only  held  to  it  electro-magnetically  when  the  conditions 
are  suitable.  Portions  of  Z  and  A  are  of  iron,  and  are  fitted 
with  pole-pieces  extending  across  the  face  of  a  coil  K, 
which  surrounds  the  iron  spindle  of  the  switch ;  the  com- 
bination forming  the  electro-magnetic  clutch  alluded  to. 
The  ends  of  this  coil  are  at  JS,  (7  is  a  temporary  contact, 
the  oflSce  of  which  will  be  explained  presently ;  while  M  is 
the  maximum  current  cut-out,  and  H  a  switching-off 
handle.  The  switch  is  shown  "  off"  in  the  figure,  and  the 
switching-on  is  effected  in  the  following  manner.  The 
handle-arm  A  is  turned  to  the  left  so  as  to  bring  its  pole- 
piece  F  against  that  (P')  of  the  switch-lever  L.  In  doing 
this  temporary  contact  is  made  at  G,  this  energizing  the 
field-magnets  FM  and  the  clutch-coil  IT,  which  are  con- 
nected in  series,  as  shown  in  Fig.  202.  A  pause  of  a  few 
seconds  is  then  made  to  allow  the  field-coils  to  become  fully 


§  122.]    SHUNT  OB  COMFOUND  MOTOB  STARTERS.    357 

excited;  otherwise  the  dutch-magnet  will  not  be  sufficiently 
strong  to  allow  A  to  draw  L  over  to  the  right,  a  helical 
spring,  which  is  fitted  behind  the  base,  tending  to  keep 
L  in   the   "off"   position.     The   due    excitation   of  the 


Fia.  202. — Connections  of  Starter  for  Shunt  or  Compound 
Motor  (Elec.  Transmission  Co.). 

magnets  is  thus  assured.  The  switch-lever  L  may  then 
be  drawn  slowly  over  the  resistance  contacts  JB,  until  the 
full  "  on "  position  is  reached,  whereon  the  handle-arm 
A  will  be  locked  by  a  spring  detent,  which  is  not  observ- 
able in  the  figure,  it  being  behind  A.     As  A  and  L  move 
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round,  ^  leaves  C;  but  the  current  for  -K' by  that  time  has 
another  path  vid  L  and  G\  Should  the  attendant  attempt 
to  switch  on  too  rapidly,  the  current  in  the  cut-out  coil  if, 
which  is  in  series  with  the  motor  armature  A^  becomes 
strong  enough  to  raise  its  own  armature.  The  effect  of  this 
will  be  that  the  clutch-coil  K  will  be  short-circuited,  and 
L  will  be  released  from  A,  the  spring  before-mentioned 
bringing  L  once  more  to  the  "off'*  position  against  the 
rubber  buffer  B,   This  short-circuiting  may  also  be  effected 


It  I  '^ 
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<s> 


Fig.  203.— arcuit  Diagram  of  Fig.  202. 

by  hand,  by  pushing  up  a  small  handle  H\  this  raising 
the  cut-out  armature,  and  bringing  together  the  short- 
circuiting  contacts  to  the  right  of  it.  In  this  way  the 
motor  may  be  switched  out  of  circuit  and  stopped.  The 
frame  conta.ining  the  resistance  wires  is  to  be  seen  at  the 
back  of  the  slate  base  (Fig.  201). 

The  connections  of  the  apparatus  are  shown  in  Fig.  202, 
which  is  lettered  the  same  as  Fig.  201,  and  Fig.  203  is  a 
circuit-diagram  of  Fig.  202.    L  and  A  receive  their  current 
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through  the  rubbing  contact  IC,  and  when  L  flies  off,  the 
connection  with  R  is  finally  broken  through  the  carbon 
contacts  CG,  When  L  is  full-on  the  brush  h  presses  against 
Fy  thus  affording  an  alternative  and  easier  path  for  the 
main  current  than  through  the  last  resistance  contact  /.  It 
will  be  understood,  by  the  way,  that  the  brushes  making 
contact  with  C,and  with  (f  and  -B,  are  on  the  undersides  of 
A  and  L  respectively.  i 

123.  Self-Starting  Rheostat.— In  a  new  class  of 
motor  starting  gear,  the  gradual  switching-out  of  the 
resistance  is  performed  automatically,  the  attendant  hav- 
ing nothing  more  to  do  than  to  close  an  ordinary  switch 
when  the  motor  is  to  be  started. 

A  simple  form  of  such  apparatus,  with  its  connections, 
is  depicted  in  Fig*  204,  the  whole  control  of  the  motor 
being  effected  through  an  ordinary  tumbler  switch  T, 
When  this  is  put  on,  current  flows  from  the  -|-  main 
through  the  soleuoid  of  the  electrically-operated  main 
switch  M,  thus  pulling  up  its  iron  plunger  and  laminated 
contact  brush  h  which  closes  the  main  circuit.  The 
actuating  current  then  flows  through  T  to  the  terminal  2 
on  the  motor  switch,  thence  to  the  first  of  the  resistance 
contacts,  and  through  the  switch-arm  SA^  to  terminal  5 
which  is  connected  with  the  negative  main. 

The  main  circuit  being  closed  at  M,  the  current  divides 
at  X .  The  main  portion  goes  to  one  terminal  T'  of  the 
motor,  and  there  again  divides,  the  major  part  going 
through  the  armature  A  to  terminal  3,  thence  through  the 
resistance  B  (if  in  circuit)  and  switch-arm  SA^  to  the 
negative  main  vid  terminal  5.  The  shunt  current  from  T' 
passes  through  the  field-winding  F,  then  by  terminals  4 
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and  5  to  the  —  main. 


The  shunt  current  from  x  enters 
at  terminal  1, 
passes  round  the 
solenoid  ^  to  a 
contact  stud  CS, 
and  then  (on 
starting)  through 
a  contact  spring 
Ky  to  terminal  5 
and  the  negative 
main. 

The  switch- 
arm  SA  is  pi- 
voted at  P,  and 
linked  to  an  iron 
plunger  I  and 
dash-pot-D.  Thus 
when  S  is  ener- 
gized, /  and  SA 
are  slowly  drawn 
up,  and  the  re- 
sistance JB  grad  u- 
allycutoutofthe 
armature  circuit. 
In  its" oflf"  posi- 
tion, SA  short- 
circuits  a  resist- 
ance r  inserted 
between  the  two 

Fia.  204.-Self-8tarting  Rheostat  (Sturtevant).         i^^  g^^j  contact 

plates.    Thus,  when  SA  is  drawn  up,  r  is  open-circuited  and 
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placed  in  series  with  R  between  the  terminals  2  and  3, 
that  is  to  say  in  circuit  with  T  and  M\  the  current  in  the 
latter,  however,  remaining  sufficiently  strong  to  keep  h  up 
and  the  main  circuit  closed.  Further,  when  SA  is  drawn 
right  up,  an  insulated  pin  p  carried  by  it  bears  against  K, 
pushing  it  away  from  the  contact  stud  CS^  and  thereby  open- 
circuiting  /,  which  is  consequently  thrown  in  series  with 
the  solenoid  S,  In  this  way  the  currents  in  J!f  and  Sy  which 
must  be  fairly  large  to  start  with,  so  as  to  give  good  pulls 
on  the  plungers,  are  permanently  reduced  when  once  the 
motor  is  started,  r  and  r-  are  generally  formed  of  a 
number  of  glow  lamps,  arranged  in  holders  placed  at  the  top 
of  the  rheostat  above  Sy  or  in  any  other  convenient  position. 
The  motor  circuit  remains  closed  until  T  is  put  off,  when 
h  falls  and  the  current  is  cut  off  at  x .  SA  then  falls  by 
its  own  weight,  the  dash-pot  not  acting  in  this  direction,  so 
that  SA  is  not  likely  to  stick.  M  might  be  replaced  by  a 
hand  switch, but  the  chief  reason  for  using  it  is  that  it  acts  as 
a  low-  and  no-voltage  release.  That  is  to  say,  if  the  voltage 
falls,  or  the  supply  fails,  the  current  in  the  solenoid  of  M 
is  reduced  or  altogether  cut  off,  as  the  case  may  be.  Then 
M  and  SA  will  drop,  and  R  be  reinserted  in  the  armature 
circuit ;  so  that  no  heavy  current  can  pass  through  the  latter 
if  the  normal  voltage  suddenly  comes  on  again.  It  might 
be  thought  that  the  reduction  of  current  in  S  alone  would 
release  SA^^  but  this  would  not  be  the  case,  unless  the 
supply  failed  altogether;  as  directly  SA  began  to  drop,  / 
would  be  short-circuited,  and  the  current  in  S  thereby 
increased,  so  that  the  apparatus  would  probably  "pump." 
To  provide  against  over-load  or  excess  current,  a  fuse  or 
automatic  cut-out  would  have  to  be  inserted,  say  at  F\ 
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124.  Reversible  Motor  Starter. — Where  motors  are 

H 


TO  BACK 
PLATE 


Fig.  205. — Reversible  Motor  Starter  and  Controller 
(Elec.  Transmission  Co.). 

required  to  run  in  either  direction  at  will,  as  with  loco- 
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motives,  tramcars,  cranes,  hoists,  lifts,  and  so  forth,  it  is 
necessary  to  have  a  current-reversing  gear  attached  to  the 
motor-starting  switch.  The  construction  of  such  a  com- 
bination varies  in  nearly  every  case,  as  the  requirements 
diflfer  according  to  the  machine  which  is  to  be  driven.    * 

A  reversible  motor-starter  designed  for  a  hoist  is  shown 
diagrammatically  in  Fig.  205.  The  handle-lever  H  is  in  its 
neutral  position,  and  the  two  switch-arms  A,  A!  are  "  oflF." 
If  the  motor  is  required  to  turn  in,  say,  a  clock-wise 
direction,  K\&  moved  to  the  right,  and  picks  up  A'  by  a 
magnetic  clutch  K^  in  exactly  the  same  manner  as  described 
in  connection  with  Fig.  201.  If  the  motor  is  to  turn  in 
the  opposite  direction,  H  is  moved  to  the  left,  and  the  arm 
A  is  thereby  brought  into  operation.  Although  there  is  a 
separate  series  of  resistance  contacts  for  each  arm,  there  is 
but  one  set  of  resistances,  this  being  joined  up  to  the  con- 
tacts as  shown  at  JB,  only  a  few  of  the  connecting  wires 
being  drawn  in.  When  JTis  moved  to  the  right  or  left  it 
operates  the  reversing  switch  BS  by  means  of  a  heel-roller 
working  in  a  JJ-shaped  bearing  mounted  on  the  switch-arm. 
The  four  outer  contacts  of  the  switch  are  connected  to  the 
motor  armature,  and  the  switch  changes  the  direction  of 
the  current  through  the  latter,  and  consequently  its  direc- 
tion of  rotation  (§  108).  In  the  position  depicted,  the 
current  is  flowing  through  the  armature  from  the  top  to 
the  bottom  brush. 

The  left-hand  +  terminal  is  connected  with  the  curved 
contact-piece  C,  and  when  H  is  moved  in  either  direction, 
brush-contacts  on  its  underside  (indicated  at  B)  connect  G 
with  one  or  other  of  the  temporary  contacts  C",  G\  thus 
energizing  the  clutch-coil  at  K^  and  sending  the  current 
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through  the  field.  The  clutch-coil  is  also  connected  with 
the  contact-piece  C\  so  that  when  either  A  or  A'  is 
moved  up,  the  brush-contacts  they  carry  (indicated  at  B,B) 
lead  the  current  from  G  to  (7',  thus  keeping  on  the  current 
through  K  and  the  field.  5',  B  also  lead  the  current  from 
C  through  the  resistance  B,  thence  through  a  wire  con- 
necting the  two  top  resistance  contacts  with  the  overload 
coil  if,  and  mA  BS  to  the  motor  armature.  The  action  of 
M  is  as  previously  described  (Fig.  201) .  When  either  arm  A 
or  A'  is  released,  it  is  pulled  off  by  a  helical  steel  spring  S. 

At  the  top  of  the  apparatus  are  two  semicircular  contact 
plates  one  behind  the  other,  only  the  front  one  P,  P,  being 
shown.  These  are  insulated  from  each  other,  and  are  con- 
nected to  the  ends  of  the  coil  K,  Behind  IT  is  a  contact 
trigger  which  normally  short-circuits  K  by  bearing  on  P,  P, 
and  its  fellow.  This  is  a  special  addition,  and  in  con- 
sequence thereof  the  motor  will  only  work  so  long  as  the 
operator  has  his  hand  on  H,  and  clenches  the  trigger  as 
well.  Otherwise  all  sorts  of  accidents  might  happen.  For 
instance,  the  operator  might  start  hoisting  or  lowering  and 
then  leave  the  switch,  while  the  load  was  in  transit. 

Without  this  device,  the  apparatus  would  be  suitable  for 
any  constantly-running  motor  which  had  to  be  reversed 
occasionally. 

Or  if  P,  P  were  a  single  arched  piece  unconnected  with 
the  circuit,  and  notched  all  round  so  that,  by  means  of  the 
trigger  on  -&",  the  lever  might  be  locked  in  any  intermediate 
position,  thus  keeping  more  or  less  of  the  resistance  per- 
manently in  circuit,  the  apparatus  would  act  as  a  ypeed 
controller  as  well  as  a  starter.  A  controller  such  as  is  used 
in  tramway  work  is  described  in  §  131. 
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125.  Features  of  a  Perfect  Motor  Starter. — The 
features  of  a  perfect  motor  starter  are  briefly  as  fol- 
lows : — 

(a)  It  should  not  be  possible  to  switch  the  current  on 
to  the  armature  until  the  field  coils  are  thoroughly  excited, 
and  unless  the  circuit  pressure  is  normal. 

{h)  It  should  break  circuit  if  the  operator  attempts  to 
start  the  motor  too  quickly,  or  if  the  armature  current 
becomes  excessive,  or  if  the  supply  fails,  or  the  voltage 
drops  very  much. 

(c)  It  should  reinsert  the  resistance  before  breaking 
circuit. 

There  are  numerous  excellent  forms  of  starting  switch 
and  controller  other  than  those  described,  but  the  prin- 
ciples involved  in  the  construction  of  such  for  simple  series 
and  shunt  motors  will  be  understood  from  the  foregoing 
descriptions. 

In  §  131  something  is  said  about  tramway  motor  con- 
trollers. 

126.  Motor  Calculations. — The  design  of  motors,  so 
far  as  concerns  their  ampere-turns  of  excitation,  flux  in 
field,  number  of  conductors  on  armature,  etc.,  etc.,  follows 
very  much  on  the  same  lines  as  that  of  dynamos.  Several 
points  relating  more  or  less  closely  thereto  have  been  and 
will  be  dealt  with  in  other  paragraphs,  and  the  subject 
will  only  be  touched  upon  here  so  far  as  regards  the 
working  out  of  two  or  three  special  problems. 


Problem  I.     To   find  the  number  of  conductors  for  a 
2-pole   motor  armature,  given   section   of  armature  core, 
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H.P.  required,  supply  pressure,  and   current  at   a  given 
speed. 

Example. — A  2-pole  ring-armature  motor  is  required  to  give  out  10 
H.P.  when  used  on  mmns  at  200  vdts,  and  takhig  a  current  of  60 
ampereSy  at  a  speed  of  600  rev,  per  minute.  The  iron  in  its  coi'e  has  a 
nett  cross-section  of  25  square  inches.  Assuming  an  average  fhvx 
through  the  ayre,  how  m>any  turns  mud  he  wotind  on  the  ring  f 

The  average  flux  through  a  motor  armature  may  be 
taken  as  14,000  lines  per  square  cm.  In  this  case  the 
total  flux  will  be  25  x  6-5  ^  x  14,000  =  2,275,000  lines. 

Substituting  thi.  ™.ue  for  T:-H.r..^^^^^' 

In  the  present  case  we  know  H.P.  =  10,  G=  50,  F  =  2,275 
xlO^,  and  n  =  ^jp-  =  8-3.  The  quantity  to  be  found  is 
therefore  N, 

T.    ,  .,.  ,.    H.P.X  852-3x33  xlO» 

By  transposition  : — iv  =  - 


2TrnCp  X  60 
X  852-3  X  33  X  10 
}  X  50  X  2,275  xli 
That  is  to  say,  the  armature  must  have  790  turns  upon 


.      ^^  10x852-3x33x10^  .g^ 

27rx  8-3  X 50  X  2,275  x  lO^x  60 


it. 


Problem  II.  To  find  the  H.P.  and  speed  of  a  motor, 
knowing  the  number  of  poles,  flux  from  each  pole,  size 
of  armature,  number  of  conductors  thereon,  and  electrical 
input. 

1  ID  m.  =  6-5D  cm. 
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Example. — A  4:-pdle  irriotor  having  an  armature  26  ins.  in  dia,.,  and 
carrying  240  exteimal  condiictors  in  series  (§  20),  takes  280  amperes 
at '2^  volts.  The  flivx  of  lines  from  one  pole  =  9  x  W.  Assuming 
the  Jidd-magnets  to  he  separately  excited,  and  the  armature  to  work 
with  92%  electrical  efficiency,  find  the  speed  and  H,P,  developed, 

(i.)  Knowing  the  electrical  input  aod  the  electrical 
eflSciency  of  the  armature,  the  H.P.  developed  is  easily 
found. 

Input  =  250  X  280  =  70,000  watts  =  93-8  H.P. 
Then  :— 

H.R  given  out :  93-8  :  :  92 :  100 
^  93-8x92 

100 
=  86-3  H.P. 
(ii.)  Now  to  find  the  speed. 
As  shown  on  the  opposite  page : — 

^p_2TTnOfNx  60 


and :  —  n  (rev.  per  sec.) 
Thus :—  n  =  ^ 


852-3  X  33  X  10» 
852-3  X  33  xlO»x  H.P. 


2'jTaFJsr  X  60 

852-3  X  33  xlO»x  86-3 

6-28x280x9xl0«x2x240  x  60 

=  5*3  r.  p.  second,  or  318  r.  p.  m. 

As  we  are  dealing  with  a  4-pole  machine  we  multiply 

the  flux  from  one  pole  by  2,  this  being  the  number   of 

pairs  of  poles  (§  21). 

127.  Motor  Calculations  (cont) — It  is  proposed  here 
to  consider  a  few  more  concrete  problems  relating  to 
motors,  the  working-out  of  which  will  serve  to  elucidate 
various  other  points  concerning  motor  calculations,  in 
addition  to  those  already  dealt  with. 
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Example  (a). — A  shunt  motor,  originaUy  wound  for  use  on  120-volt 
supply  mains,  has  to  he  altered  to  enable  it  to  be  run  off  a  24J0-volt  sup- 
ply: the  motor  being  required  to  possess  the  same  efficiency ,  at  ihe  same 
speed,  as  before.  What  chaiiges  must  be  made  in  the  mes  of  the  wires  on 
the  field-magmt  and  armature,  the  difference  in  the  space  occupied  by 
the  instdating  material  in  the  tivo  cases  being  left  out  of  consideration  ? 

In  §  111  we  saw  that  the  expression  connecting  the 
current  in  and  the  resistance  of  the  armature,  with  the 
working  pressure  and  back  E.M.F.  was  : — 

^'-^ 
Hence  the  back  E.M.F. : — 

And  in  §  114  it  was  proved  that  the  electrical  efficiency 
of  a  motor  is  proportional  to : — 

ja 

In  the  present  case,  the  motor,  when  rewound  for  the 
higher  pressure,  is  to  have  the  same  eflSciency ;  or  in  other 

words,  the  ratio  —  must  remain  unchanged. 

Hence,  since  the  working  pressure  is  doubled,  the  back 
E.M.F.  must  also  be  doubled. 

Referring  to  the  formula  given  in  §  111 : — 

W 
it  is  evident  that  as  n  and  p  remain  the  same,  to  increase 
£  we  must  increase  either  N  or  F>  ^^  both.  But  F  cannot 
well  be  increased,  as  the  iron  circuit  remains  the  same  in 
area  as  before ;  and  if  well  proportioned  when  the  motor 
was  originally  built,  would  certainly  not  permit  of  any 
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great  increase  in  the  flux.  Consequently  the  number  of 
conductors  N  must  be  doubled. 

The  size  of  the  armature  core  remaining  unaltered,  the 
overall  width  of  one  turn  (including  insulation)  mnst  be 
reduced  to  one-half  to  get  on  twice  the  number  of  turns ; 
or,  neglecting  the  difference  in  the  space  occupied  by 
insulation,  the  width  of  the  copper  must  be  reduced  to 
one-half. 

If  the  conductor  be  of  rectangular  section,  its  cross- 
section  will  then  be  half  its  original  size ;  and  there  will 
therefore  be  just  room  for  double  the  number  of  turns.  If, 
on  the  other  hand,  it  is  of  circular  section,  the  cross- 
sectional  area  of  one  wire  will  be  only  one-fourth  of  its 
original  value  when  the  width  of  copper  is  reduced  to  one- 
half,  as  the  area  of  a  circle  varies  as  the  square  of  .its 
diameter.  But  as  four  times  the  number  of  wires  of  the 
reduced  size  can  be  put  in  each  core  slot,  and  as  the 
number  of  turns  is  to  be  doubled,  the  wires  in  each  slot 
must  be  arranged  in  pairs,  so  that  each  turn  consists  of  two 
wires  in  parallel.  The  cross-sectional  area  per  slot  will 
then  be  halved,  as  with  the  conductor  of  rectangular  section. 

Let  us  now  consider  the  field-magnet  circuit,  where,  as 
we  saw,  F  must  remain  unaltered. 

For  a  magnetic  flux  F  (§  23)  the  general  equation 
is: — F  =  1*257  X  ampere-turns  -f  magnetic  resistance  of 
circuit  (R'). 

The  amperes  in  the  shunt  circuit  may  be  obtained  by 
dividing  the  working  pressure  H  by  the  resistance  of  the 
shunt  winding  Bg^ :  while  the  turns  will  clearly  be  equal 
to  Bgj^  divided  by  the  resistance  of  one  turn  B^.  Hence  the 
above  equation  becomes : — 

B  B 
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F=  1-257  X^  X^^  R' 

i.e:—         F=  1-257  x^-^  R' 

As  the  value  of  F  is  to  remain  unaltered,  and  as  E  has 
been  doubled ;  it  follows  that  the  resistance  of  each  turn  of 
the  field  winding  must  also  be  doubled,  so  as  to  keep  the 
ampere-turns  the  same.  The  width  of  the  winding,  if 
rectangular,  should  be  halved ;  and  to  fill  up  the  space  on 
the  cores,  the  number  of  turns  must  be  doubled;  this 
giving  half  the  current  at  double  the  number  of  turns,  i.  e. 
the  same  ampere-turns  as  before.  If  the  wire  is  circular, 
its  original  diameter  must  be  divided  by  ^^2.^  The  cress- 
sectional  area  will  then  be  halved,  and  the  resistance  of 
each  turn  consequently  doubled  :  and  to  keep  the  ampere- 
turns  the  same,  and  fill  up  the  space  on  the  cores,  the 
number  of  turns  must  be  doubled. 


Example  (b). — A  compound-toound  dynamo,  when  run  at  1400 
r.p.m.,  maintains  a  F.D.  of  240  volts  vnth  a  current  of  35  amiperes,  its 
electrical  efficiency  being  89  per  cent, :  and  the  resistances  of  its 
armature  and  series  windings  are  respectively  4fc*  and  •42ai.  It  is 
required  to  use  the  m/ochine  as  a  motor  (m  240-volt  mains.  What 
alteratimis  would  you  make  in  it;  and  presuming  it  to  work  at  ike 

1  In  Chaps.  11.  and  IV^  it  is  explained  that  the  areas  of  circular 
wires  are  proportional  to  the  squares  of  their  diameters.  Conversely, 
it  follows  that  the  diameters  of  wires  are  proportional  to  the  square 
roots  of  their  areas.     If  a  be  the  area  of  a  wire  of  diameter  d, 

n       eJ  /J 

quartering  the  area  will  only  halve  the  diameter,  i.  e.  _oc  _  =     ,_. 

4      2       v4 

Similarly,  if  we  halve  the  area,  i.  e.  divide  it  by  two,  we  must  divide 
the  original  diameter  by  ^2» 
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same  efficiency  as  heforcj  at  what  speed  would  it  run,  and  wh^t  H.P. 
tooidd  it  give  out  ? 

From  what  was  said  in  §  118,  it  will  be  evident  that  if 
the  motor  is  required  to  run  at  an  absolutely  constant 
speed,  the  shunt  and  series  windings  must  be  differentially . 
connected.  If,  on  the  other  hand,  great  starting  torque  is 
of  more  importance  than  constant  speed,  the  two  windings 
must  be  cumulative  in  effect. 

If  the  dynamo  winding  is  cumulative,  as  is  usual,  it  will 
act  differentially,  without  any  alteration  of  connections, 
when  current  is  sent  through  it  as  a  motor.  If,  however, 
the  motor  winding  is  desired  to  be  cumulative,  the  connec- 
tions of  the  series  coil  must  be  reversed. 

From  §  114  we  may  express  the  percentage  electrical 
efficieocy  of  a  motor  as: — 

£  X  100 
H       ' 
where  £  is  the  back  E.M.F.,  and  U  the  applied  pressure. 

In  the  present  case : — 

^         £  X  100 

80 J, (a) 

and  JS  =  240  volts. 

...    £  =  240^^  214  volts. 

Consideritig  the  machine  as  a  dynamo  we  have : — 

G  =  ^-^,  so  that  :—E  =  E-CB  (b)  (§  111) 

where  ^becomes  the  terminal  P.D.  and  f  the  E.M.F.;  G 
being  the  current  in,  and  B  the  resistance  of  the  armature 
and  series  coil. 

£=ZF^  (§111) 
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— ~-f  being  a  constant  in  any  given  case,  and  calling  it  K, 

we  may  write : — 

E=  Kn  (c) 

The  value  for  B  being  '4  +  -42  =  '820),  E  240  volts, 

1400 
G  35  amperes,  and  n  *  from  (c)  and  (6)  we  get : — 

240  =  JrM2.-  35  X  -82 
60 

=  23-3^-29 

Then  by  applying  equation  (c)  to  the  machine  as  a  motor 
we  have : — 


"=i=arr- 

r.p.  second 

=  18-6  X  60  = 

1116  r.p.m. 

It  now  remains  to  find  the  H.P.  given  out  by  the  motor. 
This  by  §  114  is  evidently  : — 

E     ..  n 

746 


■746  x^-  «"'> 

214  ^   26 


746'      -82 
=  9  H.P. 

128,  To  Test  the  H.P.  and  Efficiency  of  a 
Motor. — The  brake  horse-power  of  a  motor,  i.  e.  the 
horse-power  actually  given  out  by  the  motor- pulley,  may 
be  measured    by  a  huke  or  absorption  dynamometer.    As 
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is  indicated  by  the  name,  such  a  device  measures  the 
power  by  exerting  a  braking  effort  on  the  driven  pulley, 
the  power  being  absorbed  in  the  process  of  measurement. 
Transmission  dynamometer's,  on  the  other  hand,  will 
measure  the  power  given  out,  while  the  motor,  etc.  is 
doing  its  work  in  driving  a  machine,  without  absorbing 
any  of  the  power.  It  is  not  proposed  to  consider  this  class, 
however. 

T 


Fig.  206.— Prony  Brake. 

There  are  various  forms  of  absorption  dynamometer, 
probably  the  best  known  being  the  Prony  brake.  This  and 
its  manner  of  application  are  illustrated  in  Fig.  206.  Here 
P  is  the  motor-pulley,  and  JVB  two  wooden  blocks  partly 
embracing  the  pulley,  and  clamped  thereon  by  the  bolts 
and  nuts  BN.  These  same  bolts  and  nuts  serve  to  fix 
a  rigid  steel  lever  SL  to  the  upper  block.  SL  carries  a 
counterweight  CW  fit  one  end,  while  at  the  other  is  a 


374  ELECTRIC  LIGHTING,  ETC.         [chap.  xiv. 

hole  through  which  passes  an  arm  carrying  an  adjusting 
nut  AN,  and  connected  to  a  spring  balance  SB  anchored 
to  the  floor. 

The  test  is  taken  as  follows : — The  wooden  blocks  being 
loose  on  the  pulley,  the  counterweights  C  W  are  adjusted 
until  the  weight  of  SL  is  balanced,  AN  being  at  such  a 
height  that  SL  is  level.  The  motor  is  then  started,  and 
the  blocks  WB  are  tightened  up  until  the  revolutions  are 
reduced  to  the  speed  at  which  the  power  is  to  be  taken. 
At  the  same  time  -4iVis  screwed  down  until  SL  is  once 
more  level,  the  tendency  of  the  motor  being  to  tilt  it  in 
the  direction  of  rotation,  which  is  indicated  by  the  curved 
arrow.  Now  let  n  represent  the  number  of  revolutions  per 
minute  of  the  motor  shaft,  as  ascertained  by  a  speed - 
counter,  F  the  reading  in  lbs.  of  the  pull  on  the  spring- 
balance,  and  T  the  horizontal  distance  in  feet  between  two 
vertical  lines  passing  through  the  centres  of  the  motor 
shaft  and  the  spring  balance  respectively.     Then  : — 

Brake  H.P.=?|-!;^ 
33,000 

=  -0001904  o^nP 

--^-  (=  -0001904)  being  a  constant. 
33,000  ^  ^         ^ 

In  order  to  steady  the  indications  of  the  spring  balance, 
it  is  sometimes  of  advantage  to  link  up  some  sort  of  a  dash- 
pot  by  the  side  of  it,  as  represented  by  DP  in  the  figure. 

Fig.  207  illustrates  a  new  form  of  brake  dynamometer 
in  which  the  braking  is  performed  electro- magnetically. 
C  is  an  exciting  coil  joined  up  to  terminals  at  T,  its 
function  being  to  energize  an  electro-magnetic  system 
similar    to    the    claw-shaped     magnets    often    used    in 
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alternators ;  the  poles  being  alternately  N.  and  S.,  and  excited 
by  the  single  coil  G\  Two  of  these  poles  are  at  N,  N. 
This  electro-magnet,  which  carries  a  lever  L  with  sliding 
weight  0,  is  mounted  on  ball  bearings,  and  is  capable 
of  rotating  concentrically  with  the  shaft  through  a  small 
angle.  The  front  lever  and  smaller  weight  are  not  now  used, 
so  we  need  not  consider  them.  The  shaft  carries  a  driving 
pulley  P,  and  the  latter  drives  an  iron  cylinder  IG  which 
revolves  round  the 
magnet.  When  IG  is 
rotated,  eddy  currents 
are  generated  in  it  by 
the  field  of  the 
magnet,  and  these 
eddy  currents  exert  a 
braking  effect  on  the 
rotating  cylinder ;  the 
action  being  similar 
to  that  of  a  dynamo 
with  a  short-circuited 
armature.  When  the 
power,  say  of  a  motor, 
has  to  be  measured,  the  motor  is  geared  to  the  dynamo- 
meter either  by  means  of  a  belt  or  a  coupling.  The 
exciting  current,  which  is  derived  from  a  direct-current 
supply  (an  accumulator  being  the  best  source),  is  then 
adjusted  by  means  of  a  rheostat,  until  the  tendency  of  IG 
to  tilt  the  lever  L  with  its  weight  is  just  resisted.  Then 
the  power  absorbed  by  the  brake,  which  is  that  of  the  motor 
under  test,  is  given  by  the  formula  : — 


Fig.  207. — Rieter's  dynamometer 
(Newton  Electrical  Works). 


Brake  H.P.  = 


33,000  ^K 
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Here  n  are  the  r.p.ra.,  m  the  value  of  the  weight  in  lbs., 
and  I  the  distance  in  feet  between  its  centre  and  that  of 
the  shaft,  K  being  a  constant  depending  on  the  size  of 
the  machine.  The  product  m  Z  is  the  moment  of  the  weight, 
or,  in  simple  language,  the  leverage. 

It  will  be  seen  that  the  power  is  measured  in  much  the 
same  manner  as  with  the  Prony  brake ;  the  only  difference 
being  that  the  retarding  force  is  electro-magnetic  and  not 
mechanical  friction.  There  is  thus  no  liability  to  "  seize," 
and  consequently  no  violent  vibrations  of  the  lever,  the 
readings  being  easily  taken.  The  mechanical  energy 
absorbed  through  the  pulley  P  is  transformed  first  into 
electrical  energy,  in  the  form  of  eddy  currents ;  and  then 
into  heat,  the  latter  being  dissipated  by  the  rotating  ring 
IGy  the  surface  of  which  is  ribbed  to  assist  it  in  throwing 
off  the  heat  into  the  air. 

If  it  is  required  to  test  the  efficiency  of  a  motor  at  any 
given  power,  the  motor  is  belted  to  the  dynamometer,  and 
the  weight  adjusted  so  that,  by  the  above  formula,  the 
desired  power  will  be  absorbed  when  the  exciting  current 
is  on,  and  the  lever  horizontal.  If  the  electrical  power  taken 
by  the  motor,  as  ascertained  by  voltmeter  and  ammeter, 
is  W  (watts),  and  that  absorbed  by  the  dynamometer  is  P 
(horse-power),  the  commercial  efficiency  of  the  motor  will 
be:— 

(^XIOO)-^-^  (§113) 

*129.  Electric  Tramways  and  Railways. — Electric 
tramway  and  railway  systems  may  be  classified  as  follows: — 
(a)  The  trolley-wire  or  overhead  system. 
(6)  The  open-conduit  or  slot  system, 
(c)  The  closed-conduit  or  surface-contact  system. 
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(d)  The  three- rail  system. 

(e)  The  four-rail  system. 
(/)  The  battery  system. 

This  is  also  their  order  of  importance  so  far  as  tram- 
ways are  concerned,  the  trolley- wire  system  being  the  most 
used  and  the  battery  system  the  least.  With  railways,  on 
the  other  hand,  systems  (d)  and  (e)  are  almost  exclusively 
employed  in  this  country. 

In  the  trolley-wire  system  the  current  is  collected  from 
the  trolley-wire  overhead  by  a  trolley-arm  or  pole,  and 
is  led  thence  through  the  motor  or  motors,  and  then 
through  the  frame,  wheels,  and  rails  back  to  the  generating 
station.  The  trolley  arm  carries  a  wheel  or  bow  mounted 
on  an  insulated  swivel  head,  an  insulated  conductor 
connected  with  this  passing  down  inside  the  trolley-pole. 

The  slot  system  differs  from  the  foregoing  in  that  the 
insulated  charged  or  "live"  conductor  is  placed  underground 
in  a  conduit.  Contact  is  made  therewith  by  means  of  a 
''plough!*  which  carries  spring  contact  surfaces  that  rub 
against  the  conductor,  the  current  being  led  therefrom 
through  insulated  wires  to  the  motor.  The  plough  is 
carried  at  the  end  of  an  arm  passing  through  a  narrow  slot 
at  the  top  of  the  conduit,  and  fixed  to  the  frame  of  the 
tram-car ;  the  arm  being  hollow  and  containing  the  con- 
ductor (or  conductors)  leading  up  from  the  plough.  The 
return  circuit  is  made  either  through  the  rails  or  through 
a  second  conductor  laid  in  the  conduit. 

In  the  surface-contdct  system  the  charged  conductor  is 
completely  enclosed  in  an  underground  conduit ;  and  insu- 
lated contact  studs,  projecting  slightly  above  the  level  of 
the  track,  are  placed  at  every  few  feet.    As  a  car  passes  over 
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the  studs,  the  latter  are  automatically  rendered  "live/'  or, 
in  other  words,  are  connected  with  the  conductor  under- 
ground ;  and  a  rubbing  "  shoe,"  "  slipper  "  or  "  skate  *'  con- 
ducts the  current  to  the  motor,  the  rails  being  used  as 
the  return  circuit.  When  the  car  has  passed,  the  studs  are 
automatically  put  out  of  circuit  until  the  next  one  comes 
along.  There  are  various  ingenious  methods  for  connect- 
ing the  studs  with  the  charged  conductor  just  at  the  time 
that  the  car  passes. 

All  the  English  electric  railways  at  present  working 
employ  either  the  three-rail  or  four-rail  system  (chiefly  the 
former),  but  these  systems  are  only  applicable  to  tramways 
with  enclosed  or  semi-private  tracks  over  which  no  other 
vehicles  run.  In  the  three-rail  system,  the  current  is  led  from 
the  generating  station  along  an  insulated  rail  of  copper  or 
steel  raised  a  few  inches  above  the  level  of  the  track,  and 
placed  between  or  at  one  side  of  the  car  rails.  A  rubbing 
*'shoe"  or  ** slipper"  carried  by  the  car  makes  contact  with 
this  insulated  conductor,  and  the  current,  after  passing 
through  the  motor  or  motors,  returns  via  the  ordinary  rails. 
The  four-rail  system  differs  from  the  above  in  that  an 
insulated  return  conductor  or  rail  is  used. 

In  the  battery  system  each  car  carries  a  secondary  battery, 
which  is  charged  at  the  generating  station. 

The  trolley-wire  or  overhead  system  is  much  cheaper 
than  any  of  the  others,  which  at  once  explains  why  it  is  so 
extensively  favoured.  In  the  early  days,  great  outcry  was 
raised  as  to  the  unsightliness  of  the  overhead  work,  and 
of  the  numerous  poles ;  and  as  to  the  danger  of  the  charged 
trolley-wire.  The  aesthetic  objections  are  now  proved  to 
have  been  greatly  exaggerated ;  and  the  danger  through 
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breakage  of  the  trolley-wire,  or  of  shock  therefrom,  has 
been  minimized  by  strong  construction  and  efficient  safety 
devices. 

The  open-conduit  system  is  expensive  to  install  as  well 
as  to  maintain;  it  being  not  altogether  an  easy  matter  to 
keep  the  conduit  free  from  water,  mud  and  dirt,  or  to 
maintain  the  insulation  of  the  conductor.  The  comparative 
ioaccessibility  of  the  latter  is  also  a  great  drawback,  and 
there  is  considerable  friction  and  wear  and  tear  between 
the  plough-arm  and  the  sides  of  the  slot. 

The  surface-contact  or  closed-conduit  system  is  free 
from  most  of  the  above-mentioned  disadvantages,  and  is 
somewhat  less  expensive  than  the  open-conduit.  On  the 
other  hand,  the  row  of  slightly-raised  studs  and  the  contact 
skate  form,  at  best,  a  clumsy  and  ineflScient  way  of  collect- 
ing the  current.  Moreover,  the  studs  interfere  Avith  and 
suffer  damage  from  the  horse  and  other  traffic,  and  there 
is  considerable  leakage  thereat. 

Were  it  not  for  the  weight,  inefficiency,  and  rapid  de- 
terioration of  the  storage  battery,  the  accumulator  system 
would  be  the  ideal  one ;  for  the  enormous  expense  of  lead- 
ing the  current  over  every  portion  of  the  track,  and  provid- 
ing for  its  return,  would  be  avoided.  Although  battery-cars 
have  been  tried  several  times,  they  have  never  proved  a 
decided  commercial  success,  at  any  rate  in  this  country.  A 
short  section  of  the  Birmingham  tramways  is,  however, 
worked  on  this  system,  this  being  the  only  example  of 
such  in  the  United  Kingdom.  As  road  vehicles  of  various 
descriptions  are  driven  by  accumulators,  it  is  not  impro- 
bable that  some  future  radical  improvement  in  secondary 
battery  construction  may  eventually  render  them  economic- 
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ally  possible  on  tramway  systems  where  gradients  are  few 
and  low.     A  road  car  is  described  in  §  115. 

There  are,  at  the  time  of  writing  (May  1903),  over  a 
hundred  tramway  systems  worked  with  the  overhead 
trolley ;  but  only  one  (at  Wolverhampton)  on  the  surface- 
contact  system.  The  open-conduit  system  is  being  intro- 
duced by  the  London  County  Council  on  the  tramways 
south  of  the  Thames,  and  there  is  a  short  length  of  line  of 
this  description  at  Bournemouth.  It  is  proposed  to  in- 
augurate a  trolley -hies  system,  i.  e.  ordinary  road  buses  taking 
current  from  a  trolley-wire,  at  Stroud,  Gloucestershire. 

As  already  mentioned,  the  third  rail  is  not  used  on  open 
tramway  tracks,  but  there  are  some  six  so-called  tramways, 
which  are  really  light  railways,  worked  on  this  method  ; 
these  being  at  Brighton  beach,  Bessbrook-Newry,  and  on 
the  piers  at  Heme  Bay,  Ryde,  Southend,  and  Walton-on- 
the-Naze.  The  first  three  tube  railways  constructed  in 
London  are  worked  on  this  system  ;  but  some  of  the  new 
ones  will  have  four  rails,  the  two  conductor-rails  being 
fixed  on  the  side  of  the  tunnel.  The  Liverpool  Overhead 
Railway  belongs  to  the  four-rail  class,  both  the  conductor- 
rails  being  between  the  ordinary  ones. 

Some  particulars  as  to  the  methods  of  distributing  the 
current  from  the  generating  station  over  the  tramway  or 
railway  track  are  given  in  §§  228  and  236. 

130.  Typical  Tramcar  Motor.— Figs.  208  and  209 
show  a  25  H.P.  tram-car  motor,  and  Fig.  210  a  tram-car 
track  fitted  with  two  of  these.  The  wheel  axle  (Fig.  210) 
passes  through  the  two  front  bearings  on  the  motor  frame, 
and  a  pinion  on  the  armature  shaft  (Fig.  208)  gears  with 
a  spur-wheel  on  the  same  axle.  The  lower  half  of  the  motor 
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case  is  hinged  to  allow  the  commutator  and  armature  to  be 
got  at ;  and  it  will  be  noticed  that  the  motor  has  four  poles, 
two  in  each  half  of  the  case.  The  poles  in  the  lower  or 
hinged  half  are  clearly  shown,  the  slots  in  them  being 
ventilating  apertures  which  pass  right  through  the  case. 
These  slots  are  protected  on  the  outside  by  hoods  which 
allow  the  heated  air  to  escape,  but  prevent  dirt  from 
getting  in.     One  of  these  hoods  may  be  seen  above  the 


Fig.  208.    Tramcar  Motor  (Brush  Elec.  Eng.  Co.).    Fig.  209. 

foremost  bearings  in  Figs.  208  and  209,  and  the  same  is 
also  discernible  on  each  of  the  motors  in  Fig.  210. 

The  armature  bearings  may  be  bolted  either  to  the  top 
half  of  the  motor  as  in  Fig.  208,  or  to  the  bottom  half  as  in 
Fig.  209. 

Early  tramcar  motors  were  2-pole,  and  the  4-pole  form 
was  afterwards  adopted,  as  the  normal  speed  of  the  armature 
is  lower,  and  it  is  then  possible  to  drive  direct  on  to  the 
wheel  axle  without  the  use  of  a  countershaft. 

131.  Tramcar  Controller. — The  controller  forms  the 
connecting   link    between    the    driver    and    the    motive 
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power  of  the  car ;  one  form  of  such,  with  the  front  opened  to 


Fig.  210.— Tramcar  Truck  (Brush  Blec.Eng.  Co.). 

show  the  mechanism,  being  given  in  Fig.  211.  At  the  top  are 
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two  handles,  by  means  of  which  the  driver  performs  all  the 
electrical  operations  of  starting,  stopping,  speeding,  revers- 
ing,  and   braking   the  car.     The  car  is  also  fitted  with 


Fig.  211.— Tram-Motor  Controller  (Brush  Blec.  Eng.  Co.). 

mechanical  brake  gear,  but  with  this,  however,  we  are  not 
concerned.  The  larger  handle  starts,  varies  the  speed  of,  or 
shuts  the  current  off  from  the  motors ;  while  the  smaller 
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one  alters  the  direction  of  the  current,  and  therefore  also 
the  direction  of  travel.  The  latter  has  besides  a  third 
position,  in  whicli  the  current  is  cut  off  from  the  motors 
altogether,  and  the  latter  are  short-circuited  on  themselves, 
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Fia.  212. — Controller.    Diagram  of  Connections. 

thus  acting  as  dynamos,  and  exerting  a  braking   effect. 
This  device  is  termed  an  electric  brake. 

Such  controllers  are  friequently  referred  to  as  series' 
parallel  controllers,  from  the  fact  that  the  variations  of 
speed  are  secured  by  connecting  the  motors  up  either  in 
series  or  in  parallel,  or  in  combination  with  resistances. 
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The  construction  of  the  controller  shown  in  Fig.  211  is 
briefly  as  follows.  A  vertical  wooden  spindle,  operated  by 
the  large  handle,  carries  a  number  of  metal  collars  and  pro- 
jecting pieces,  which  make  contact  in  a  definite  order  with 
fixed  contact  pieces.  According  to  the  position  of  the  handle, 
the  motors  and  resistances  are  connected  in  a  number  of 
diflferent  ways,  which  will  be  explained  presently.  The 
smaller  handle  actuates  a  similar  but  shorter  spindle.  The 
contacts  operated  by  the  larger  handle  have  flat  solenoids 
on  each  side  of  them,  the  contacts  and  solenoids  being 
arranged  alternately.  The  main  current  flows  through 
these  solenoids,  and  the  magnetic  fields  due  to  the  latter 
act  as  blow-outs  for  any  sparking  which  may  occur  at  one 
or  other  of  the  contacts,  when  the  circuit-connections  are 
changed ;  this  action  being  somewhat  similar  to  that  of 
the  Thomson-Houston  lighting  arrester  (Chap.  II.).  The 
large  handle  has  seven  "  eflective  "  and  three  "  transition  " 
positions  or  notches ;  besides  its  "  off'*  position,  in  which  all 
current  is  shut  oflF  from  the  motors.  The  connections  at 
each  of  these  positions  are  shown  in  Fig.  212,  the  left-hand 
vertical  thick  line  representing  the  path  of  the  current 
from  the  trolley,  and  the  right-hand  one  ground  or  earth. 
In  this  diagram  S  stands  for  the  solenoid  blow-out  coils, 
B,  i^i,  and  iJg  ^^^  different  resistances,  while  A^  F^  and  A^^ 
F2  are  the  armatures  and  fields  of  the  two  motors.  Turning 
the  handle  from  the  off  position  to  notch  1  starts  the  tram, 
with  the  two  motors  and  all  the  resistances  in  series.  At 
notch  2,  B  is  cut  out ;  at  notch  3,  B  and  B^ ;  and  at  notch 
4,  all  the  resistances  as  well  as  the  solenoid  coils,  the  motors 
then  running  in  series. 

Notches  X  1,  X2,  and  x3  are  "transition'*  connections 

c  c 
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preparatory  to  throwing  the  motors  from  series  to  parallel, 
or  vice  versd..  At  x  1,  the  blow-out  coils  and  part  of  the 
resistance  is  put  back  in  circuit;  at  X  2,  motor  No.  2  is  short- 
circuited  ;  while  at  x  3,  it  is  cut  out.  At  notch  5,  the 
motors  are  in  parallel,  with  some  of  the  resistance  in 
circuit ;  at  notch  6,  all  but  the  last  section  of  resistance  is 
taken  out ;  while  at  notch  7,  all  resistance  and  the  sole- 
noids are  out  of  circuit,  the  motors  then  taking  the  full 
line  pressure,  and  the  tram  running  at  its  best  speed  if 
on  the  level. 

The  small  handle  has  three  positions  besides  "off." 
The  first  turns  on  the  current;  the  second  reverses  its 
direction,  for  running  backwards ;  while  the  third,  called 
the  emergency  stop,  short-circuits  both  motors,  and  causes 
them  to  act  as  brakes. 

132.  Power  Required  to  Drive  Trams,  etc.— The 
power  necessary  for  propelling  any  vehicle  is  found  by 
multiplying  the  resistance  to  motion  by  the  speed.  The 
resistance  to  continued  motion  depends  on : — (i.)  the 
weight  of  the  vehicle  ;-^  (ii.)  the  condition  of  the  road  or 
rails;  (iii.)  air  or  wind  friction;  (iv.)  the  rising  or  falling 
gradient,  if  any;  and  (v.)  the  speed  attained. 

Let  H.F,  =  power  required,  W  =  rolling  weight  in 
tons,  K  =  resistance  to  motion  along  the  level  (expressed 
as  "  tractive  effort "  in  pounds  required  to  pull  each  ton 
of  weight),  aS  =  speed  of  vehicle  in  miles  per  hour, 
n  =  number  of  feet  alohg  incline  (if  any)  to  each  foot  of 
vertical  rise  or  fall. 

^  The  weight  of  the  vehicle  should  of  course  include  that  of  the 
passengers  or  goods  it  ia  destined  to  carry.  This  total  weight  is 
sometimes  referred  to  as  *^  rolling  weight." 
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Then  :—  ff.F.  =  SW  A^  ±  - 

\375      n 
/» 

—   is    a  +  quantity   with   an   up    gradient,   and    a  — 
n 

quantity  with  a  down  gradient,  for  in  the  latter  case  the 

propulsion  is  assisted  by  gravity. 

Tlie  determination  of  K  (resistance  to  motion)  is  not  an 

easy  matter,  as  it  depends,  among  other  things,  on  the 

state  and  character  of  the  rails  or  road,  and  the  friction  on 

the  curves.      For  the  purpose  of  a  simple  example,  we 

will  assume  that  ^  on  a  level  straight  tram  line    =  30 

pounds  per  ton. 

Examples. —  (a)  An  dectric  train-car^  o/ 12  tons  rolling  tveight,  is 
required  to  nin  up  an  incline  of-l  in  50,  at  a  speed  of  8  miles  an  Iwur^ 
what  is  the  power  required  ? 

Here  W  =  12,  K  =  SO,  S  =  8,  and  n  =  50. 

Then :—  '  H.P.  =  12  x  s(^  +  1 

\t)7o       50 

=  96  X'2 

=  19-2. 

(J))  In  the  above  example,  supposing  the  total  or  combined  efficiency 
of  the  motm'S  and  geanng  is  60%  ;  what  electric  horse-power  must  be 
suppliedy  and  what  cun-ent  will  be  required,  if  the  pressure  is  kept  con- 
stant at  500  volts  ? 

The  actual  horse-power  necessary  to  drive  the  car  has 
been  found  to  be  19*2;  but  this  represents  only  .60%  of  the 
electrical  horse-power  put  into  the  motors.  Calling  the 
latter  E.H.P.,  it  is  clear  that  :— 

E.H.P.  :  19-2  :  :  100  :  60 
.      T^TTp       1920 

=  32  =  32  X  746  =  23,872  watts. 
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The  current  required  will  be      J  ^ ■ =   nearly  48 

^  500  volts  "^ 

amperes. 

(c)  A  short  electric  train,  ivith  a  total  or  rolling  u-eight  of  50  tons, 
runs  up  an  incline  of  1  in  90.  The  motors  and  gearing  are  su>ch,  that 
for  every  ampere  passing  through  the  armature,  there  is  exerted  a 
tractive  effort  of  10  pounds.  The  resistance  to  traction  on  the  level  is, 
say,  28  pounds  per  ton.  How  much  current,  and  v)hat  Jwrse-power, 
fvmdd  be  required  to  propel  this  train  up  the  incline  at  a  speed  of  20 
miZes  per  hour  f 

(i.)  First  find  the  horse-power  necessary  to  propel  the 
train  at  20  miles  per  hour. 

In  the  present  instance  :—S  =  20,  W  =50,  K=  28, 
and  n  =  90. 

Then  H.P.  =  20x50(^  +  1^) 

=  1000  (-075  +  067) 

=  lOuO  X  -14 

=  140  H.P.  (for  speed  of  20  miles  per  hour). 

(ii.)  Secondly,  we  have  to  find  the  necessary  current, 

given  that  each  ampere   passing  through  the  armature 

will  exert  a  tractive  pull  of  10  pounds. 

140  H.R  =  140  X  33,000  =  462  x  10*  foot-pounds  per 

minute :  and  at  the  speed  given,  the  train  moves  through 

1760  X  3  X  20       .^an  ^4.  -4. 

— =  1760  feet  per  mmute. 

60 

Having  calculated,  as  above,  the  power  in  foot-pounds 

per  minute,  and  the  space  moved  through  by  the  train  in 

that  time ;  by  dividing  the  former  quantity  by  the  latter, 
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we  shall  get  the  tractive  eflfort  or  pull  necessary,  in  pounds. 
Thus  : —  ^^nro^^'  =  ^^^^  pounds  force. 

As  each  ampere  exerts  a  tractive  eflfort  or  pull  of  10 

2625 
pounds,  the  current  required  will  be  =  263  amperes. 

This  large  current,  it  should  be  remembered,  is  only 
necessary  while  the  train  is  on  the  incline. 

133.  Electric  Cars. — Ordinary  electric  tram  or  single 
train-cars,  or  extra  large  road  vehicles,  are  generally  fitted 
with  two  motors,  each  of  from  10  to  25  horse-power;  or 
from  20  to  50  horse-power  in  all.  The  use  of  two  motors 
oflfers  the  primary  advantage  of  making  it  easier  to  start  the 
car,  because,  as  the  motors  are  geared  to  separate  axles,  the 
grip  of  four  wheels  is  brought  to  bear  on  the  rails  or  road. 
Another  advantage  is,  that  if  one  motor  becomes  disabled, 
the  car  can  still  be  worked  by  the  other  one.  Again, 
it  is  easier  to  regulate  the  speed  of  the  car  without  much 
waste  through  resistances ;  as  the  armatures  and  fields 
of  the  two  motors  can  be  joined  up,  with  small  resistances, 
in  various  series  and  parallel  combinations;  through  the 
medium  of  a  series-parallel  controller  (§  131). 

From  twenty  to  fifty  horse-power  (or  thereabouts)  seems 
a  lot  to  put  into  a  tram-car ;  but  then  it  must  be  remem- 
bered that  this  maximum  power  is  only  used  at  intervals; 
to  enable  the  car  to  start  quickly,  and  to  work  up  inclines 
and  round  curves  at  a  good  speed.  On  the  flat,  and  when 
once  started,  the  horse-power  absorbed  is  probably  not 
more  than  from  5  to  10 :  this  depending  on  the  size  of 
the  car,  on  the  speed,  and  on  the  load. 

In  contrasting  these  figures  with  the  power  of  two  horses. 
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which  may  be  taken  as  something  less  than  2  horse-power ; 
it  should  be  remembered  that,  on  the  flat,  the  possible  speed 
of  a  fully-laden  car  driven  by  electricity  or  drawn  by  horses 
is  very  different :  while  up  ordinary  gradients,  the  horses  can 
only  go  at  a  walking  pace,  the  services  of  a  third  one 
being  often  called  into  requisition.  Then,  again,  electric 
cars  are  generally  very  much  larger,  and  carry  a  much 
greater  number  of  passengej'S,  than  is  usual  with  horse-cars. 
__.„._  \,  *134.  Applications 

r^  *  ^     OF  Motors. — Electric 

I  ^      ^       ^aUi  ■     iiiotors  for  general  pur- 

poses are  constructed 
to  work  at  the  same 
pressures  as  the  in- 
candescent lamps  em- 
ployed in  interior  light- 
ing;  and  now  that  elec- 
tricity supply  has  be- 
come so  general,  the 
use  of  motors  is  increasing  rapidly.  Anything  like  a 
full  description  of  these  US3S  would  be  impossible  here,  as 
it  would  require  a  voluminous  treatise.  In  short,  motors 
may  be  applied  to  any  and  every  kind  of  machine; 
from  the  working  of  large  lifts,  cranes,  and  pumps, 
and  indeed  the  whole  set  of  machinery  in  a  factory, 
down  to  the  running  of  domestic  sewing-,  boot-,  and  knife- 
cleaning,  washing,  mangling,  and  numerous  other  machines. 
The  enormous  advantages  possessed  by  electric  motors 
must  be  clear  to  all  who  have  any  practical  knowledge  of 
applied  electricity,  so  that  we  need  not  enlarge  upon  them. 
Various  examples  of  motor  gear  and  motor-driven  ma- 


FiG.  213.— Motor  with  Worm  Gijar 
(E.  Scott  and  Mountain). 
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chinery  are  illustrated  in  the  following  figures,  and  brief 
descriptions  of  each  are  given. 

Fig.  213  shows  a  2-pole  undertype  motor  fitted  with 
worm-gearing,  through  which  the  power  is  applied  to  what- 
ever machine  has  to  be  driven,  the  speed  being  at  the  same 


Fig.  214. — Motor  driving  Counterrihaft  (Mather  and  Piatt). 

time  reduced.  The  lower  half  of  the  worm  runs  in  a  bath 
of  oil,  such  gearing  requiring  to  be  well  lubricated.  In 
some  cases,  the  whole  of  the  worm  or  other  speed-reducing 
gear  is  immersed  in  an  oil  bath*  It  will  be  seen  that 
the  machine  is  fitted  with  unusually  long  brushes,  which 
will  last  a  long  while  with  frequent  trimming  and  con- 
stant wear.     It  was  mentioned  in  Chap.  IX»  that  most 
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types  of  direct-current  dynamo  will  act  equally  well  as 
motors ;  and  in  this  connection  it  should  be  observed  that 
the  motor  illustrated  in  Fig.  213  is  of  the  same  general 
construction  as  the  dynamo  in  Fig.  208} 

Fig.  214  shows  a  4-pole  motor  driving  through  belting  on 
to  a  countershaft,  and  thence  on  to  two  lines  of  shafting. 

Adjacent  to  the  motor  is 
a  switchboard  on  which 
are  fixed  the  starter  and 
controller,  main  switch, 
and  ammeter. 

An  enclosed  motor 
operating  a  vertical  drill 
through  toothed- wheel 
reducing  gear,  is  depicted 
in  Fig.  215.  A  pinion  on 
the  armature  shaft  gears 
into  a  spur-wheel  on 
a  countershaft,  which 
forms  also  the  lower 
cone  shaft  of  the  drilling 
machine.  The  switch 
and  other  regulating  gear 
is  placed  in  a  box 
mounted  between  the  two  vertical  posts  of  the  drill 
frame. 

Fig.  216  shows  a  motor  with  toothed-wheel  reduction 
gear,  which  is  mounted  on  the  motor  itself,  and  is  completely 
enclosed ;  the  top  half  of  the  cast-iron  casing  being  removed 


Fig.  215. — Motor-driven  Drilling 
Machine  (Mavor  and  Coulson). 
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in  the  figure  to  enable  the  gear  to  be  seen.  The  driving 
pulley  is  at  the  other  end  of  the  shaft  carrying  the  spur 
wheel.  -Matters  are  so  arranged  that  the  brackets  holding 
the  countershaft  bearings  may  be  bolted  in  at  least  three 
different  positions.  Thus  the  countershaft  may  be  raised 
above  the  motor,  or  brought  round  to  the  near  side.     The 


-^-s? 


Fig.  216. — Motor  with  enclosed  Reduction  Gear  (British 
Thomson-Houston  Co.). 

machine,  it  will  be  observeJ,  is  mounted  on  a  slide  base 
with  belt-tightening  bolts. 

Fig.  217  depicts  an  electrically-driven  band-saw,  spur 
reducing  gear  being  employed.  The  motor  is  wholly 
enclosed  to  protect  it  from  sawdust,  etc. ;  but  the  com- 
mutator and  brashes  may  be  readily  got  at  by  raising  the 
hinged  upper  half  of  the  case  enclosing  them. 

Where  the  driven  machine  runs  at  a  high  speed  no 
reduction  gear  is  necessary.  Thus  in  the  saw  bench  in 
Fig.  218,  the  saw   is  mounted  on  the  same  shaft  as  the 
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motor  armature,  and  therefore  runs  at  the  same  speed. 
The  motor  is  enclosed,  the  hinged  cover  above  the  right- 
hand  bearing  giving  access  to  the  commutator.  The  starter 
is  also  enclosed,  this  particular  type  being  operated  by  a 
hand-wheel  outside  the  glass-fronted  cast-iron  box  v^hich 
contains  it. 

The  reader  will  be  familiar  with  the  usual  forms  of 

electrically-driven  fan, 
which  range  in  size  from 
those  which  may  be 
on  a  table,  to 
which  are  fixed 
window  or  wall 
aperture.  An  improved 
form  of  such,  which, 
from  its  action,  is 
termed  by  its  makers 
the  ptmkah  fariy  is  il- 
lustrated in  Fig.  219. 
The  motor  is  free  to 
turn  partly  round  from 
side  to  side  on  ball 
bearings  on  its  pedestal. 
In  front  of  the  fan 
blades     are     mounted 


stood 
those 
in    a 


Fig.  217.— Motor-driven  Band  Saw 
(W.  B.  Haigh  and  Co.). 


three  deflecting  blades  or  sails,  and  these  being  set  at  an 
angle,  the  current  of  air  impinging  on  them  causes  their 
frame  and  the  motor  to  turn  to  one  side  or  the  other. 
When  the  limit  of  movement  in  one  direction  is  reached, 
the  blades  are  automatically  reversed,  and  movement  is 
set  up  in  the  opposite  direction.    Thus  the  current  of  air 
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from  the  fan  is  swept  round  from  side  to  side,  and  a  much 
more  effective  disturbance  of  the  air  results.  Both  the 
rate  and   range  of  oscillation  are  adjustable. 

A  very  effective  form  of  ceiling  fan  is  shown  in  Fig. 
220,  where  M  is  the  motor,  the  connecting  wires  from  which 
pass  up  inside  the  supporting  tube.     The  blades,  which 


Fig.  218.— Motor-driven  Saw  Bench  (W.  B.  Haigh  and  Co.). 

each  measure  some  2J  feet  in  length,  are  made  sometimes 
of  aluminium  and  sometimes  of  wood ;  the  rate  at  which 
they  turn  being  about  150  r.p.m.  Other  forms  of  fan,  such 
as  that  shown  in  the  previous  figure,  usually  rotate  at  much 
higher  speeds. 

Fig.  221  illustrates  a  ships  ventilating  fan,  this  particular 
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type  having  been  fitted  on  several  of  H.M.  ships  of  war, 
as  well  as  on  other  vessels.  The  motor,  together  with  its 
switch  and  resistances,  is  completely  enclosed  and  water- 
tight, as  is  essential  for  such  work.  The  fan  is  started, 
controlled,  or  stopped  by  the  handle  on  the  right-hand  side 
of  the  motor  frame,  and  the  leads  enter  through  the  stuflF- 
ing  boxes  on  the  left.    A  portion  of  the  commutator  cover  is 

removed,  and  part 
of  the  brush  gear 
may  be  seen. 

An  ingenious  me- 
thod of  gearing  an 
electric  motor  to  a 
punkah-  puller  is 
shown  in  Fig.  222. 
The  enclosed  motor 
at  Jf  drives  through 
worm-gearing  en- 
cased at  W,  a  shaft 
at  right  angles  with 
its  own  shaft.  On 
this  countershaft  is 
mounted  a  magnetic 
form  of  an  annular 
iron-clad  electro- magnet  (Chap.  ///.),  and  is  keyed  to 
the  shaft;  while  the  armature  A  and  rope  pulley  P, 
which  are  in  one  piece,  are  free  to  rotate  upon  the  shaft. 
The  clutch  magnet  coil  is  connected  in  series  with  the  motor 
armature,  through  a  2-way  switch  S\  which  in  one  position 
cuts  out  the  coil  and  sets  the  rope  pulley  free.  In  the  other 
position,  the  full  current  passes  through  the  coil  and  holds 


Fig.  219.— Table  Fan  (Drake  and  Gorham). 

clutch  K,     The   part  F  is  in    the 
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the  pulley  to  the  clutch.  The  switch  is  moved  automatically, 
in  time  with  the  swing  of  the  punkah,  by  toothed-wheel 
gearing  at  G,  Two  adjustable  pins  are  fixed  to  the  larger 
toothed-wheel,  and  these  alternately  catch  the  switch-arm 
and  throw  it  over  to  *'  on  "  and  "  off."  The  length  of  rope 
and  position  of  the  pins  are  so  adjusted,  that  when  the 
punkah  is  at  the  bottom  of  its  swing,  the  switch  is  put 
**on."  The  motor  then  winds  up  the  rope  until  the 
punkah  reaches  the  top  of  its  swing,  when  the  second  pin 
throws  the  switch-arm 
over  to  "  off,"  the  clutch  ^ 

releases,  and  the  weight 
of  the  punkah  unwinds 
the  rope  from  the  pulley, 
and  turns  the  toothed - 
wheel  until  the  first  pin 
comes  into  contact  witli 
the  switch-arm,  and  puts 
it  "  on  "  once  more.  The 
motor  as  well  as  the 
clutch  magnet  are  con- 
stantly running,  but  the 
speed  of   the   latter   is 

relatively  low  because  of  the  worm-gearing.  Contact  with 
the  rotating  magnet  F  is  made  through  brushes  and  slip- 
rings,  one  of  the  brushes  being  seen  at  B,  S  is  the  motor- 
starting  and  controlling  switch. 

An  electric  overhead  conveyer  is  depicted  in  Fig.  223. 
The  machine  runs  on  rails  suspended  from  the  roof  of  the 
building,  and  the  goods  truck  or  other  load  is  picked  up 
and  lowered  at  any  desired  points  along  the  runway.     A 


Fig.  220.— Ceiling  Fan  (Oromptou 
and  Co.). 
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Fig.  221. — Ship's  Fan  (Laurence,  Scott,  and  Co.). 

K 


Fio.  222.— Punkah-Puller  (Mavorand  Coulson). 
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single  motor  fulfils  the  double  duty  of  raising  or  lowering 
the  truck,  and  of  conveying  it 
from  point  to  point.  The  oper- 
ator seats  himself  as  shown, 
and  travels  about  with  the 
conveyer. 

In  Fig.  224  we  have  an  electric 
travelling  crane,  or  overhead 
traveller  as  it  is  sometimes 
called.  The  movable  double 
cross-girder  runs  on  rails  on 
opposite  walls  of,  and  reaching 
from  end  to  end  of  the  workshop 
or  "bay."  This  movement  of 
the  whole  is  eflfected  by  an 
electric  motor  mounted  at  the 
near  end  of  the  girder.     The  cross-traveller  moves  to  any 


Fig.  223, 


Overhead  Conveyer 
(Mather  and  Piatt). 


Fig.  224. — Travelling  Crane^(Crompton  and  Co.). 

desired  point  along  the  girder,  and  then  raises  some  piece 
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of  machinery  or  other  weighty  mass  from  the  floor  level, 
and  lowers  it  at  any  other  desired  point. 

A  peculiar  form  of  crane,  known  as  an  electric  %valking 


Fig.  225.— "  Walking  "  Crane  (Jessop  and  Appleby  Bros.). 

cranCyi^  illustrated  in  Fig.  225.  This  runs  on  a  single  rail 
at  the  bottom,  and  is  held  upright  by  a  roller  at  the  top 
of  the  post,  this  roller  working  between  two  guide  rails 
(not  shown)  supported  by  beams  overhead.  The  motor  on 
the  truck  works  the  travelling   gear,  while  that  on  the 
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cross-girder  or  jib  above,  rotates  the  latter  about  the  vertical 
pole,  and  then  raises  or  lowers  the  lifting  tackle. 

Fig.  226  shows  a  semi-enclosed  motor  driving  a 
horizontal  pump  through  special  gearing.  The  outside 
of  the  motor  case  is  ribbed  to  assist  in  dissipating 
the  heat;  this  construction  being  especially  useful  when 


Fig.  226. — Motor-driven  Pump  (Mather  and  Piatt). 

to   run  for   long  periods,   or    is  wholly 


has 


the   motor 
enclosed. 

Fig.  227  depicts  a  coal-cutter  driven  by  polyphase 
motors,  the  whole  being  mounted  on  a  truck  running  on 
rails.  At  the  left-hand  end  of  the  truck  is  the  starting 
switch.  The  motors  drive  on  to  the  pinion  which  can  be 
seen  projecting  at  the  side  of  the  truck,  and  this  gears 
into  and   drives  the   circular  cutter.     The    motors    are 

D  D 


402  ELECTRIC  LIGHTING,  ETC.  [chap.  xiv. 

generally  of  10  B.H.P.  each ;  and  are  reversible,  the  cutter 
running  in  either  direction. 

With  the  exception  of  those  in  Fig.  227,  the  motors  shown 
in  this  paragraph  all  happen  to  be  direct-current  ones; 
but  the  mechanical  gearing  of  alternating-current  motors 
to  machines  would  be  exactly  the  same  (§§  135  to  138). 

For  the  working  of  printing  and  other  machines  where  a 
very  large  starting  torque  is  required,  where  starting  and 
stopping  are  of  frequent  occurrence,  and  especially  where 
*'  inching-round "   to   certain  positions   is   necessary,  the 


Fig.  227. — Electric  Coal-Cutter  (Bruce,  Peebles  and  Co.,  and  the 
Diamond  Coal-Cutter  Co.). 

arrangement  of  main  and  auxiliary  motors  illustrated  in 
Fig.  227a,  which  is  known  as  the  HolmeS'Clatwm^thy 
system^  has  been  devised.  By  " inching-round "  is  meant 
a  spasmodic  and  intermittent  application  of  the  driving 
power,  in  order  to  work  certain  parts  of  the  driven  machine 
round  to  definite  positions,  for  adjusting  the  work,  and  so 
forth.  The  main  and  auxiliary  motors  M  and  A  are 
mounted  on  a  common  bed-plate,  with  their  shafts  at 
right  angles  with  each  other,  and  connected  through 
worm-gearing  W.    The  spur-wheel  S  on  the  main  shaft 
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gears  with  the  machine  to  be  driven,  the  main  shaft  being 
divided  by  a  clutch  C,  which  is  operated  electro-magnetically. 
The  smaller  motor  performs  the  starting  or  "inching- 
round/*  and  this  it  does  very  efifectively  and  without  shock, 
by  reason  of  the  worm-gearing.  It  is  only  when  a  fair 
speed  has  been  got  up  that  the  large  motor  is  switched 
into  circuit,  so  that  it  need  not  be  of  so  great  an  output  or 
such  heavy  construction  as  would  otherwise  be  necessary. 


Fig.  227a.— Holmes-Clatworthy  Motor  System  (J.  H.  Holmes  and  Co.). 

The  figure  only  shows  the  arrangement  in  outline,  the 
electro-magnetic  device  operating  the  clutch  (7,  and  various 
other  details  being  omitted.  A  special  starting  switch 
or  controller  is  used,  which  first  causes  the  clutch  to  engage, 
and  then  starts  the  auxiliary  motor  at  its  lowest  speed. 
Further  movement  of  the  starter  accelerates  the  speed  of 
the  small  motor,  and  also  gradually  switches  on  a  current 
to  the  main  motor.  When  the  shaft  and  armature  of 
this  main  motor  have  acquired  a  good  speed  the  machine 
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takes  up  the  full  load,  the  clutch  is  released,  and  the 
small  motor  cut  out  of  circuit. 

135.  Alternating-Current  Motors. — If  the  current 
from  one  direct-current  dynamo  be  led  into  another 
dynamo,  the  latter  will  act  as  a  direct-current  motor. 
Similarly,  if  the  current  from  a  single-phase  alternator 
be  passed  through  a  similar  alternator,  which  has  been 
previously  run  up  to  exactly  the  same  speed,  the  latter 
will  act  as  an  alternating-current  motor.  In  this  case, 
however,  the  arrangement  is  not  generally  convenient; 
inasmuch  as  the  F.Ms,  of  the  alternator  used  as  a  motor, 
as  well  as  of  that  used  as  a  generator,  have  usually  to  be 
separately  excited  with  direct  current ;  and  the  two 
machines  so  connected  must  correspond  with  each  other 
in  frequency,  and  in  other  particulars.  There  is  also  a 
difficulty  in  starting ;  and  if  the  motor  is  overloaded,  it  is 
liable  to  stop  dead. 

If  two  similar  polyphase  alternators  be  connected 
together,  and  one  of  them  be  driven  as  a  generator ;  the 
second  will  run  as  a  motor,  if  the  current  from  the  arma- 
ture of  the  former  be  led  round  the  field  coils  of  the  latter. 
Such  a  motor  may  be  arranged  to  be  self-starting.  In 
this  case,  as  well  as  with  the  above-mentioned  combina- 
tion of  two  single-phase  alternators,  the  motor  will  run  in 
synchronism  with  the  generator,  i,  e.  at  a  speed  exactly  cor- 
responding with  that  of  the  generator  :  and  this  constant 
speed  will  be  maintained  under  all  normal  conditions  of 
load,  which  is  a  considerable  advantage  under  certain  con- 
ditions. Hence  such  motors  are  termed  synchronmcs  motors, 
A  form  of  synchronous  motor  is  used  in  the  Ferranti 
Rectifier,  which  is  described  in  §  207. 
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AsynchroTKyiis  or  non-synchronaiis  motors  are  those 
whose  speed  is  independent  of  the  frequency  of  the 
driving  current,  and  such  may  be  constructed  for  either 
monophase  or  polyphase  currents.  The  moving  part, 
generally  termed  the  rotor,  need  have  no  slip-rings  or 
commutator ;  that  is  to  say,  there  need  be  no  electrical  con- 
nection whatever  with  the  outside  circuit,  the  rotor  being 
rotated  by  the  oscillating  or  rotating  magnetic  field  set  up 
by  the  fixed  portion,  or  stator.  Thus  such  motors  are  fre- 
quently termed  ind^tction  motors,  and  they  are  naturally 
of  much  greater  general  use  than  synchronous  motors. 

In  some  monophase  asynchronous  motors,  the  field  is 
rather  oscillatory  than  rotary ;  whereas  in  others  and  in 
polyphase  machines  it  is  purely  rotary,  this  difference 
rendering  the  latter  type  of  machine  more  efficient.  In 
other  words,  the  "  torque  impulses,"  so  to  speak,  are  more 
regular  with  polyphase  than  with  monophase  motors. 
Furthermore,  some  monophase  motors  suffer  from  the  dis- 
advantage that  they  will  not  start  under  load. 

The  terms  rotor  and  stator  are  used  to  avoid  ambiguity, 
as  it  is  a  matter  for  question  as  to  which  part  could  rightly 
be  called  the  armature  and  which  the  field  magnet.  In  a 
direct-current  motor  the  armature  is  the  moving  part,  and 
through  this,  according  as  it  is  series-  or  shunt- wound,  the 
whole  or  the  greater  part  of  the  driving  current  passes. 
In  an  induction  motor,  on  the  other  hand,  the  whole  of  the 
driving  current  passes  through  the  stator,  and  some  would 
argue  that  this  was  consequently  the  armature. 

136.  Rotating  Fields. — We  know  that  in  any  kind 
of  dynamo  considerable  power  is  absorbed  in  turning  the 
armature  or  rotor  through  the  field.     If  the  part  that  is 
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usually  fixed  were  mounted  so  that  it  were  free  to  turn 
about  the  same  axis  as  the  rotor,  it  would  follow  the  latter 
in  its  rotation. 

Consider,  for  example,  a  simple  4-pole  direct-current 
machine,  and  suppose  that  the  field-frame  were  capable  of 
rotation  concentrically  with  the  armature,  the  field  wind- 
ings being  energized  from  some  independent  source  through 
brushes  and  slip-rings.  Then,  when  the  arnaature  was 
mechanically  driven,  the  magnetic  drag  would  gradually 
set  the  field-frame  in  motion,  until  at  length  its  speed  of 
rotation  would  be  considerable.  If  the  armature  were 
connected-up  through  an  external  circuit,  it  would  be  found 
that  very  little  pressure  or  power  was  being  generated ;  for 
obviously  there  would  be  very  little  cutting  of  the  lines  of 
force  of  the  field ;  nearly  all  the  mechanical  power  taken 
from  the  engine,  being  employed,  through  the  medium  of 
the  magnetic  drag,  in  rotating  the  field-frame.  Further- 
more, it  would  be  found  that  the  rotation  of  the  latter 
would  be  more  efi'ective  if  the  commutator  brushes  were 
short-circuited ;  or  if  the  segments  of  the  commutator  itself 
were  short-circuited,  say  by  tightly  winding  a  layer  of  bare 
copper  wire  round  the  commutator. 

After  what  has  just  been  said,  it  is  easy  to  understand 
that  if  the  short-circuited  armature  were  belted  or  other- 
wise geared  to  a  machine,  and  the  field-frame  were 
rotated  by  means  of  an  engine,  the  armature  would  revolve 
in  consequence  of  its  being  in  a  rotary  field,  and  would 
drive  the  machine. 

The  above  furnishes  the  key  to  the  action  of  a  poly- 
phase induction  motor,  wherein  there  is  a  rotary  field  with 
a  fixed  field-frame  or  stator.     The  rotation  of  the  field  is 
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brought  about  by  the  polyphase  current ;  and  the  rotor  is 
comparable  with  a  direct-current  armature  from  which  the 
commutator  has  been  removed,  and  the  free  ends  of  the 
windings  all  connected  together.  The  rotor  might  be 
simply  a  conducting  cylinder,  but  by  having  conducting 
strips  or  "  windings/'  the  induced  currents  are  confined  to 
well-defined  paths,  and  the  torque  is  the  greater.  Such 
is  termed  a  squirrel  cage  rotor. 

137.  Split-phase  Rotating  Field. — A  rotating  field 
may  be  obtained  from  an  ordinary  monophase  current  by 
what  is  termed  flitting  the  phase. 

It  was  shown  in  Chap.  IV.  that  it  takes  time  to  set  up  a 

current   in  a   circuit,  chiefly  because  of  the  inductance 

therein.    When  an  alternating  P.D.  of  sine-wave  form  is 

impressed  on  a  circuit  possessing  resistance  and  inductance, 

the  maximum  value  of  the  current  is  not  reached  at  the 

same  instant  as  the  maximum  value  of  the  P.D.,  but  lags 

behind  the  latter  (Fig.  62).     The  time  elapsing  between 

these  two  maximum  values,  is  directly  proportional  to  the 

inductance  of  the  circuit,  and  inversely  proportional  to  its 

resistance.     If  we  divide  the  inductance  by  the  resistance 

the  quotient  will  represent  the  time-constaivt  of  the  circuit, 

or: — 

---.  .  Inductance 

lime-constant  =  ^5 — ^-7 

Kesistauce 

Thus  the  greater  the  time-constant,  the  greater  will  be 
the  lag  of  the  current. 

Now,  referring  to  the  4-pole  magnet  in  Fig.  228,  it  will 
be  clear  that  if  the  two  windings  A  and  A\  joined  up 
in  parallel  to  the  supply-mains,  were  equal  in  resistance 
and  ampere  turns,  and  if  the  pole -cores  were  equal  in  size, 
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the  time-constants  of  the  two  circuits  would  also  be  equal ; 
and  the  field  due  to  the  four  poles  would  be  stationary, 
though  alternating.  If,  however,  we  introduce  a  non- 
inductive  resistance  R  into,  say,  A  circuit,  we  shall  decrease 
its  time-constant,  and  the  current  in  A  circuit,  and  con- 
sequently the  field  due  to  the  poles  2  and  4,  will  lag 
behind  the  field  due  to  the  poles  1  and  3.  In  other  words 
we  shall  have  split  the  phase  of  the  current.  If  the  time- 
constant  of  A  circuit  be  sufficiently  reduced,  the  field  due 
to  2  and  4  will  la^^  about  45°  behind  that  due  to  1  and  3* 


Fig.  228.— Split-phase  Rotating  Field. 

In  each  period  (§  43),  therefore,  we  shall  have  the  follow- 
ing round  of  changes : — 

One  Period. 

Part  of  Period.  0°  45°  180°  225° 

Circuit.  A.  A\  A.  A' 

Poles.  1—3.  2—4-  3—1.  4—2. 

Polarity.  N.  S.  N.  S.  N.  S.  N.  S. 

The  field  in  the  armature  space  will  then  be  practically 
similar  to  what  we  should  have  got,  had  we  taken  a  two- 
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pole  direct-current  field,  and  rotated  it  in  the  direction 
shown  by  the  curved  arrow ;  for  poles  1,  2,  3  and  4  will  be 
of  north  polarity  one  after  the  other,  the  corresponding 
opposite  poles  3,  4,  1  and  2  being  south  in  their  turn ;  and 
the  field  rotation  will  be  counter-clockwise.  As  the  A' 
circuit  current  only  lags  45°  (or  one-eighth  of  a  period) 
behind  the  A  circuit  current,  the  rotation  will  not  be 
uniform ;  the  field  passing  more  quickly  between  poles 
1  and  2  and  between  3  and  4,  than  between  2  and  3  and 
between  4  and  1.  For  this  reason  the  winding  has  to  be 
specially  arranged  in  order  to  render  the  field  rotation 
uniform.  A  squirrel-cage  armature,  such  as  was  defined 
in  the  preceding  paragraph,  and  is  described  in  the  follow- 
ing one,  would  revolve  in  such  a  rotary  field. 

The  Shallenberger  and  Westinghouse  meters  (§§  86  and 
87)  aflford  excellent  examples  of  split-phase  induction 
motors,  the  aluminium  disks  representing  the  rotor.  In 
the  description  of  these  meters,  it  is  explained  that  the 
rotation  of  the  field  is  produced  by  placing  one  of  the  fixed 
coils  at  an  angle  with  the  other,  and  causing  the  current  in 
it  to  lag  behind  the  current  in  the  other  coil.  As  the 
pressure  circuit  of  the  meter  has  necessarily  a  high 
resistance,  and  consequently  a  smaller  time-constant  than 
the  low  resistance  main  circuit,  the  necessary  conditions  for 
splitting  the  phase  already  exist. 

Phase'Splitting  of  a  single-phase  alternating  current  in 
two  parallel  circuits,  may  also  be  produced  by  inserting  a 
condenser  in  series  with  one  of  them,  or  if  the  two  circuits 
or  windings  are  connected  in  series,  by  shunting  one  of 
them  by  either  a  condenser  or  a  non-inductive  resistance. 

Although  it  is  evidently  possible  to  construct  a  motor 
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on  the  principle  shown  in  Fig.  228,  it  WQj*ld  not  be 
economically  practicable  to  do  so;  for  the  simple  reason 
that  the  constant  presence  in  the  circuit  of  the  non-induc- 
tive resistance  i2,  would  lead  to  a  great  waste  of  energy;  and 
the  motor  would  be  very  inefficient.  The  principle,  how- 
ever, is  used  for  starting  purposes  only,  in  the  Langdon- 
Davies  single-phase  motor,  as  described  in  the  next  para- 
graph ;  though  the  arrangement  of  the  stator  and  its  winding 
is  different  from  the  illustrative  case  given  in  Fig.  228. 


Fig.  229. — Langdon-Davies  Motor  coupled  to  Dynamo. 

138.  Langdon-Davies  Single-Phase  Motor. — The 
external  appearance  of  this  machine  will  be  gathered  from 
Fig.  229,  where  it  is  shown  coupled  direct  to  a  direct- 
current  dynamo;  the  combination  forming  a  motor-gener- 
ator for  the  conversion  of  single-phase  alternating  into 
direct  current  (§  205). 

The  rotor  of  this  type  of  motor  is  depicted  in  Fig.  230, 
and  it  may  be  described  as  similar  to  a  ring-wound  arma- 
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ture,  except  that  each  coil  is  short-circuited  on  itself,  and 
is  not  connected  with  its  neighbours.  This  construction 
has  been  substituted  for  that  of  the  ordinary  squirrel-cage, 
in  which  the  "  windings "  consist  of  a  number  of  con- 
ductor bars  placed  in  the  rotor  slots,  and  connected 
together  at  each  end  of  the  rotor  by  being  soldered  into 
conducting-rings.  Referring  to  the  figure,  it  will  be 
noticed  that  the  slots  in  which  the  windings  are  embedded 
are  cut  "  on  the 
skew."  In  the  par- 
ticular conditions  un- 
der which  the  rotor 
works,  this  construc- 
tion has  been  found 
to  give  a  more  uni- 
form torque;  and  is 
expressively  termed 
staggered  slotting  or 
staggered  winding. 

The  stator,  with 
the  rotor  removed,  is 
illustrated  in  Fig.  231.  The  core  is  built  up  of  a  number  of 
soft-iron  stampings  of  the  form  shown  in  Fig.  232,  in  which 
it  will  be  noticed  that  the  slots  are  closed,  so  that  the  stator 
is  tunnel-wound.  This  core  is  let  into  the  outer  cast-iron 
frame,  and  is  fixed  in  place  by  a  running  of  type  metal.  In 
all  but  the  larger  sizes,  the  stator  is  wound  with  four  coils, 
which  virtually  form  two  circuit  windings  at  right  angles 
with  each  other.  Two  of  the  coils  are  '*  running  coils,"  and 
two  **  starting  coils  " ;  and  four  poles  are  produced  when 
current  is  flowing  round  the  four  coils.  Each  coil  is  wound 


Fig.  230.— Rotor  of  Langdon-Davies  Motor. 
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Fig.  231. — Stator  of  Langdon-Davies  Motor. 


spirally,  as  shown  in  Fig.  233,  which  represents  a  portion 

of  the  stator  core  flat- 
tened out,   and  with 
open  slots  instead  of 
tunnels  to  enable  the 
winding  to    be  seen. 
It   will    be   observed 
that,  starting  from  J., 
the     winding    passes 
successively    through 
slots  1,  18,  2,  17,  3, 
16,  and  so  on ;  the  last 
turn  passing  through 
slot    10   to  a.      The 
figure  shows  only  one 
turn  in  each  slot,  but 
in  reality  there  are  several. 
It  will  be  noticed  that  in 
Fig.  232,  which  shows  an 
ordinary  size  of  core-plate, 
there  are  36  slots. 

The  two  circuit- windings 
may  be  represented  dia- 
grammatically  as  in  Fig. 
234,  which  is  similar  to 
Fig.  228,  so  fiir  as  the 
disposition  of  the  circuits 
is  concerned,  and  is  simi- 
larly lettered.  Unlike  Fig. 
228,  however,  the  wind- 
ings intermingle,  parts  of  neighbouring  coils  being  wound 


Fig.  232.— stator  Core  Disk  of  Langdon- 
Davies  Motor. 
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ia  the  same  slots.     Thus  referring  to  Fig.  232,  if  coil  1 


Fig.  233.— Spiral  Winding. 


Fig.  234. — Diagram  of  Windings 
(Laugdou-Davies  Motor). 


(Fig.  234)  is  wouud  in  slots  1,  18,  2,  17,  3,  16,  and  so  on 
as  in  Fig.  233,  and 
coil  3  in  numbers  36, 
19, 35, 20, 34, 21,  etc.; 
coil  2  would  be  dis- 
tributed in  slots  9, 28, 
8,  29, 7,  30,  6,  31,  etc., 
and  coil  4  in  numbers 
10,  27,  11,  26,  12, 
25,  13,  24,  and  so 
on. 

Fig.  235  depicts  a 
core  -  plate  showing 
slots  numbers  1, 9, 10, 
18,  19, 27,  28,  and  36, 
and  the  outer  turns  of 


Fig.  235.— Illustrating  the  Action  of  the 
Langdon-Davies  Motor. 


the  four  coils ;  coils  1  and  3  being  shown  in  firm,  and  coils  2 
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and  4  in  dotted  lines.  With  the  help  of  Fig.  236,  we  will 
now  endeavour  to  show  how  the  rotation  of  the  field  takes 
place  when  current  is  switched  on  to  the  motor.  The 
firm  line  curve  represents  the  alternation  of  the  field 
due  to  coils  1  and  3  in  circuit  A,  and  the  dotted  curve 
that  due  to  coils  2  and  4  in  circuit  A'  (Fig.  234). 
Those  portions  of  the  curves  above  the  horizontal  line 
denote  N  polarity,  and  those  below  denote  S  polarity.  At 
position  1  on  the  curve,  circuit  A  (coils  1  and  3)  will  have 
no  polarity,  this  being  indicated  by  0,  0  at  the  end  of  the 

vertical  axis  (Fig.  235). 
(POSITION)  12  3  4  5  6  Circuit  A',  on  the  other 

hand,  will  have  maximum 
polarity,  coil  4  being, 
say  N,  and  coil  2  con- 
sequently S,  as  marked 
at  the  ends  of  the  hori- 
zontal axis ;  and  the  di- 
rection of  the  field  will 
be  as  indicated  by  the 
arrow-head  I.  At  position 
2  on  the  curve,  coil  2  in  circuit  A'  will  still  be  S,  and 
coil  1  in  circuit  -4  will  be  N ;  while  coils  or  poles  4  and  3 
will  therefore  be  N  and  S  respectively.  This  is  in- 
dicated on  the  diagram  by  the  letters  S",  N\  aS',  N\  and  it 
will  be  obvious  that  the  resultant  field,  now  due  to 
consequent  poles,  will  be  in  the  direction  of  arrow-head 
II.  At  position  3  on  the  curve,  circuit  A\  i.  e,  coils 
2  and  4,  will  be  inactive;  while  circuit  A  will  have 
full  polarity,  coil  1  being  still  N  and  coil  3  S;  this 
condition  of  things  being  indicated  by  (/',  0",  iV",  and  5". 


NORTH 
POLARITY 

SOUTH 
POURITY 


Fig.  236. 
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The  field  will  then  be  in  the  direction  of  arrow-head  III, 
Similarly  it  may  be  shown  that  position  4  on  the  curves 
gives  N  poles  at  1  and  2,  and  S  poles  at  3  and  4,  pro- 
ducing a  resultant  field  as  indicated  by  arrow-head  IV. 
In  like  manner  the  polarities  for  positions  5  and  6  are 
indicated  by  arrow-heads  V.  and  VI.,  and  so  on.  The  field 
consequently  rotates  in  a  counter-clockwise  direction. 

The  starting  coils  (2  and  4)  and  the  running  coils  (1  and 
3)  are  joined  up  to  three  terminals  on  the  top  of  the  motor 


Fig.  237. — Starting  Switch  of  Langdon-Davies  Motor. 

(Fig.  229).  As  shown  in  Fig.  237,  these  terminals  are 
marked  M,  1,  2;  and  are  connected  through  a  two-way 
switch  S  (which  also  has  an  "ofif"  position)  with  the  sup- 
ply circuit,  and  with  a  non-inductive  resistance  B  which 
corresponds  with  B  in  Figs.  228  and  234.  The  switch  is 
drawn  in  its  ''  oflf "  position.  To  start  the  motor,  the  handle 
H  is  first  thrown  over  to  the  left,  thus  connecting  B  in  series 
with  the  running  coils ;  and  the  circuit  conditions  are  then 
exactly  as  in  Fig.  228.  The  rotary  field  set  up  starts  the 
motor,  and  when  a  good  speed  has  been  attained,  the 
switch  is  thrown  over  to  the  right,  thereby  cutting  out  the 


416  BLEGTBIC  LIGBTINQ,  ETC,         [chap.  xiv. 

starting  coils  and  the  resistance  B,  and  leaving  what  is 
merely  a  2-pole  monophase  field. 

It  now  remains  to  give  some  simple  explanation  as  to 
how  the  rotor,  when  once  set  well  in  motion,  continues  to 
rotate.  Firstly  it  is  a  fact  that  the  direction  of  rotation 
depends  simply  on  the  direction  in  which  the  motor  is 
started.  Thus  if  the  connections  of  the  ends  of  the  start- 
ing or  J.' circuit  in  Fig.  234  were  reversed,  the  starting  field 
would  rotate  in  a  clockwise  direction.  The  rotor  would  con- 
sequently start  in  that  direction,  and  would  continue  to 
rotate  the  same  way  after  the  starting  circuit  had  been  cut 
out.  It  is  also  a  fact  that  a  simple  alternating  field,  such  as 
would  be  set  up  by  circuit  A  alone,  if  the  rotor  were  at  rest 
or  were  removed,  is  mathematically  equivalent  to  two  fields 
of  equal  strength  rotating  in  opposite  directions.  Now  it 
is  conceivable  that  when  the  rotor  is  started,  in,  say,  a 
counter-clockwise  direction,  it  gives  a  bias  to  the  field  in 
that  direction ;  or,  in  other  words,  it  encourages  most  of  the 
field  to  rotate  that  way  also,  the  rotating  core  producing 
this  effect  since  it  forms  a  considerable  part  of  the 
magnetic  circuit.  There  is  no  forcing  in  this  matter,  for 
the  motor  has  to  receive,  not  give  out  electrical  energy. 
The  flux  of  magnetic  lines  which  passes  through  the  rotor, 
which,  because  of  the  alternating  exciting  current  in  the 
stator,  alternates  in  polarity  at  each  pole,  may,  when  the 
rotor  is  at  rest,  move  round  the  core  in  either  or  both 
directions.  When  the  inner  part  of  the  core,  i,e,  the 
rotor,  is  in  rotation,  the  flux  may  be  supposed  to  find  it 
most  convenient  to  travel  in  the  same  direction  as  the 
rotor. 

Another  and  more  accurate,  though  less  simple  explan- 
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ation  is  as  follows.  Assume  that,  by  phase-splitting  or  some 
other  means,  the  rotor  has  been  started  in  a  counter-clock- 
wise direction,  and  run  up  to  a  speed  of  n  revs,  per  sec. 
Then,  any  additional  fields  employed  for  starting  purposes 
having  been  removed,  the  rotor  will  be  revolving,  at  a 
speed  of  n  revs,  per  sec,  in  a  simple  alternating  field  due 
to  the  monophase  current  of  the  supply.  This  stationary 
alternating  field  may  be  decomposed  into  two  equal  alter- 
nating fields  rotating  in  opposite  directions,  and  having  their 
maximum  values  equal  to  half  the  maximum  value  of  the 
resultant  stationary  field.  Suppose  the  speed  of  rotation 
of  these  two  components  is  n^  revs,  per  sec.  Then  the  slip 
of  the  rotor  with  respect  to  the  component  rotatihg  in  the 
same  direction  (counter-clockwise)  as  the  rotor  will  be 
7ii  —  n;  but  the  slip  with  respect  to  the  component 
rotating  in  the  clockwise  direction  will  he  n  +  ni  (^  14fl). 

In  consequence  of  the  slip  in  the  latter  case  being  so 
very  large,  the  phase  of  the  clockwise  rotating  field,  will 
be  almost  opposite  to  that  of  the  field  set  up  by  the  rotor. 
Their  resultant,  and  hence  also  the  backward  torque 
exerted  by  the  clockwise  rotating  field,  will  therefore  be 
very  small.  The  forward  torque  due  to  the  other  com- 
ponent is,  however,  considerable,  owing  to  the  small  value 
of  the  slip  n^  —  n.  The  rotor  will  therefore  continue  to 
revolve  in  a  counter-clockwise  direction,  and  the  stationary 
simple  alternating  field  will  act  virtually  as  a  field  rotating 
in  one  direction  only. 

From  the  above  explanation  it  is  easy  to  see  why  the 
motor  will  not  start  from  rest  if  the  stator  be  excited  by  a 
simple  monophase  current.  For  then  n,  the  speed  of  the 
rotor  =  0,  and  the  values  of  the  slip  with  respect  to  the 
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two  rotary  component  fields  are  equal,  viz.  n^  Hence  the 
torques  exerted  by  the  two  components  are  also  equal, 
and  as  they  are  opposite,  the  rotor  will  not  revolve. 

138a.  Heylani)  Single-Phase  Motor. — This  is  one 
of  the  latest  developments  of  the  single-phase  non- 
synchronous  motor,  and  it  possesses  the  considerable 
advantage  of  being  able  to  start  under  full  load.  This  com- 
pensates for  the  disadvantage  of  having  to  use  slip-rings 
and  a  starting  resistance  in  the  rotor  circuit ;  and  for  the 
fact  that  for  a  given   output  the  machine  is  larger  and 


Fig.  237a.— Stator  Windings  of  Heyland  Motor, 

heavier  than  that  described  in  the  preceding  paragraph. 
As  in  the  Langdon-Davies  motor,  the  stator  is  wound  with 
starting  and  running  coils,  which,  however,  are  in  this  case 
joined  straight  up  to  the  supply  mains,  without  the  inter- 
position of  any  external  resistance.  The  phase  is  split 
by  making  the  starting  winding  with  less  resistance  and 
greater  inductance  than  the  ninning  winding:  and  the 
starting  field  is  greater  than  the  running  field,  which 
is  the  main  reason  of  the  large  starting  torque  obtained. 
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The  running  coils  are  wound  in  very  much  the  same  spiral 
manner  as  in  the  Langdon-Davies  motor,  except  that  there 
are  generally  four  or  more  poles.  The  starting  coils,  on 
the  other  hand,  though  corresponding  in  number  with 
the  running  coils,  are  each  wound  through  two  tunnels  or 
closed  slots,  these  coils  having  their  axes  midway  between 
those  of  the  running  coils.  This  arrangement  will  be 
understood  from  Fig.  237a,  where  S^SySyS  are  the  four 
starting  coils,  and  72,  i?,  i?,  E  the  four  running  coils,  the 

AUXILIARY 
SWITCH 


Fig.  237b. — Circuit  Connections  of  Heyland  Motor. 

starting  circuit  being  governed  by  a  switch  S",  When 
once  started,  the  action  is  practically  the  same  as  that 
of  the  motor  described  in  §  138.  The  circuit  connections 
are  given  in  Fig.  237b.  The  motor  terminals  are  joined 
straight  up  to  the  supply  mains  through  a  D.P.  switch  and 
fuse.  The  auxiliary  switch  in  the  starting-coil  circuit  {S'  in 
Fig.  237a)  is  combined  with  the  handle  H  of  the  3-circuit 
starting  resistance,  in  such  a  way  that,  when  the  motor 
has  been  started,  the  movement  of  H  in  order  to  cut  out 
the  resistance  in  the  rotor  circuit  at  the  same  time  puts 
the  auxiliary  switch  "off.'*  The  reason  for  the  starting 
resistance  in  the  rotor  circuit  is  explained  in  §  140. 
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The  parts  of  the  machine  are  shown  in  Fig.  237c.  From 
this  it  will  be  seen  that  the  stator  core  with  its  winding  is 
let  into  an  outer  circular  cast-iron  frame ;  the  end  covers  of 
which  carry  the  bearings,  which  are  fitted  with  oil  wells 
and  ring  lubricators.  On  the  right  of  the  figure  is  the 
rotor,  with  the  three  ends  of  its  winding  protruding  from 
the  further  end  of  its  shaft.  By  the  side  of  this  are  the 
brush-holders  and  brushes,  while  in  front  of  the  stator  the 
rotor  slip-rings  may  be  seen. 

139.  Rotation  of  Polyphase  Fields. — The  rotation 
of  a  2-phase  field  will 
be  understood  from  Fig. 
238.  This  represents 
a  4-pole  magnet,  the 
windings  of  poles  1 
and  3  being  connected 
in  phase  A  circuit ;  and 
those  of  poles  2  and  4, 
in  phase  B  circuit. 
After  what  was  said  in 
§  61,  it  will  be  re- 
membered that  the 
current  in  phase  B  lags  90""  or  a  quarter-period  behind  the 
current  in  phase  A,  If,  to  sfcart  with,  pole  1  be  N  and 
pole  3  be  S,  the  changes  during  a  whole  period  or  cycle 
will  be  as  follows  : — 


PHASE 


PHASE 


Fio.  238.— Rotation  of  a  2-pha8e  Field. 


ONE   PERIOD. 

2nd  quarter.     3rd  quarter. 


1st  quarter 

Phase.          A.  B.  A. 

Poles.         1—3.  2—4.  3—1. 

Polarity.     N.  S.  N.  S.  N.  S. 


4th  quarter. 
B, 

4—2. 
N.  S. 
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The  rotation  of  the  N  and  S  polarity,  i.  e,  of  the  field,  is 
clockwise ;  and  is  practically  similar  to  what  would  have 
happened  had  we  taken  an  ordinary  direct-current  2-pole 
field,  and  rotated  it  at  the  same  rate. 

Fig.  239  illustrates  the  rotation  of  a  3-phase  field.  In  order  to 
get  a  uniformly  rotating  field,  it  i3  necessary  so  to  dispose  the  phase- 
windings  that,  following  round  the  pole-circle  in  the  direction  of 
rotation,  the  phases  run  A  C B,  not  ABC.  Thus  poles  1  and  4 
are  connected  in  series  to  phase  A,  2  and  5  in  series  to  phase  C, 
and  3  and  6  in  series  to  phase  B.     The  different  phase-windings 

are  differently  lined,  and  it 
should  be  noted  that  they 
have  a  common  return  wire, 
though  this,  by  the  way,  is 
not  absolutely  necessary.  It 
was  explained  in  §  61  that  the 
phases  of  the  three  currents 
differ  from  each  other  by  one- 
third  of  a  period  or  cycle. 
Each,  of  the  phase- windings 
will  therefore  set  up  a  field 
between  its  poles,  which  at 
any  instant  will  differ,  both 
in  direction  and  magnitude, 
from  the  fields  set  up  by  the  other  phase-windings.  Consequently, 
the  three  phus 2- windings  acting  together  will  produce  a  resultant 
field ;  and  if  we  plotted  out  the  directions  of  this  field  for  various 
fractions  of  the  period,  we  should  find  that  in  one  complete  period 
the  resultant  field  made  one  complete  round  of  the  poles,  and  that  it 
rotated  in  the  clockwise  direction,  as  indicated  by  the  curved  arrow.^ 
The  positions  of  the  resultant  field  during  one  complete  period 
may  be  tabulated  as  follows  : — 

ONE   PERIOD. 


Fig.  239.— Rotation  of  a  3-phase  Field. 


Fraction  of  Period. 

Poles. 

Polarity. 


1st.  J 
1—4. 

N.  S, 


2nd.  J 
2—5. 

N.  S. 


3rd.  i^ 

4th.  J 

5th.  h 

3-6. 

4     1. 

5—2. 

N.  S. 

N.  S. 

N.  S. 

6th.  i 
6—3. 

N.  S. 


See  the  Second  Edition  of  the  Author's  Alternating-Cia^ent  Ctrniit. 
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This  cycle  of  pole  changes,  as  was  the  case  with  the  2-phase  field, 
is  practically  equivalent  to  rotating  a  direct-current  2-pole  field  at 
the  same  rate. 

140.  Starting  of  Polyphase  Motors. — It  has  been 
stated  that  the  rotor  of  an  induction  motor  need  have 
no  connection  whatever  with  the  outside  circuit.  Such 
is  indeed  the  case  when  the  motor  does  not  have  to 
start  under  much  load.  Otherwise,  i,e,  where  consider- 
able starting  torque  is  required,  it  is  usually  necessary  to 
provide  slip-rings  and  brushes,  in  order  that  a  rheostat  or 
variable  resistance  may  be  joined  up  with  the  windings  of 
the  rotor.  Such  resistance  is  generally  used  only  at  start- 
ing, and  is  either  short-circuited  or  disconnected  during  the 
running  of  the  motor.  By  leaving  more  or  less  of  it  in 
the  rotor  circuit,  the  speed  of  the  motor  may  be  varied. 

As  the  rotating  field  cuts  the  rotor,  E.M.Fs. — and  hence 
currents — are  generated  in  the  windings  of  the  latter, 
in  exactly  the  same  way,  and  with  the  same  eflfect,  as  if 
it  were  the  armature  of  a  dynamo  :  the  E.M.F.  being 
reversed  in  each  individual  coil  or  conductor  as  many  times 
as  the  field  adjacent  to  it  changes  in  polarity.  Now,  when 
a  current  is  set  up  in  a  coil,  it  takes  time  to  die  away  before 
a  reverse  current  can  flow,  especially  when  the  coil  has 
appreciable  inductance.  Thus  it  is  conceivable  that,  when 
the  field  is  rotating  round  a  stationary  rotor,  the  induced 
currents  in  the  latter  may  be  so  confused  that  the  tendency 
to  turn  (torque)  is  very  small,  and  quite  insufficient  to 
start  the  rotor  if  the  motor  be  *'  loaded.'*  For  though  the 
rotation  of  the  rotor  depends  primarily  on  the  rotation  of 
the  field ;  it  also  depends  upon  the  induction  and  reversal 
of  currents  in  the  rotor  windings  taking  place  in  a  definite 
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order.  This  effect,  i.  e.  the  inability  of  the  rotor  to  revolve, 
is  the  more  marked  the  higher  the  frequency ;  for  on  the 
latter  depends  the  rate  at  which  the  field  will  rotate 
(§  141).  This  is  one  of  the  reasons  why  low  frequencies 
are  habitually  employed  in  polyphase  work. 

The  confusion  of  induced  currents  in  a  stationary  rotor, 
when  the  field  is  cutting  it  at  a  high  speed ;  and  its 
uncertainty  in  starting,  especially  under  load;  may  be 
rendered  clearer  by  considering  the  converse  case.  Thus, 
if  we  had  a  direct-current  dynamo  with  its  field  already 
fully  excited,  and  a  very  low  resistance  (i.  e,  a  potential 
heavy  load)  connected  to  the  armature  ;  it  is  quite  probable 
that  if  we  started  the  machine  immediately  at  a  high 
speed,  the  electromotive-forces  and  currents  set  up  in  the 
various  coils,  would  be  so  confused  in  direction,  that  the 
electrical  output  would  be  very  small.  Such  a  state  of 
things  never  occurs  in  practice,  however,  for  the  simple 
reason  that  the  field  of  a  self-exciting  dynamo  takes  time  to 
'*grow";  and  even  if  it  be  separately  excited,  the  armature 
can  never  be  made  to  start  at  full  speed. 

The  interposition  of  resistance  in  the  rotor  circuit,  in 
the  manner  explained  at  the  beginning  of  this  paragraph, 
reduces  the  strength  of  the  currents  induced  in  the  rotor 
windings,  and  also  the  time-constant  of  the  latter.  It 
may  then  be  assumed  that  these  currents  take  up  their 
proper  order  of  induction  with  much  greater  ease,  and  thus 
enable  a  good  starting  torque  to  be  exerted. 

It  is  evident  that  if  the  frequency -could  be  slowed  down 
at  starting,  all  this  difiSculty,  and  the  necessity  for  external 
resistances  in  the  rotor  circuit  would  be  removed.  But 
this  would  be  impossible  unless  the  power  supply  came  from 
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one's  own  polyphase  generator ;  and  even  if  it  did,  the 
slowing  down  of  the  generator  every  time  a  motor  had  to 
be  started  would  be  very  impracticable,  especially  when 
there  were  other  motors  at  work,  as  would  generally  be 
the  case. 

There  is,  however,  another  way  in  which  the  starting 
difficulty  may  be  got  over,  and  that  is  by  placing  a  choking 
coil  in  each  phase  circuit  of  the  field,  so  that  the  strength 
of  the  field,  and  of  the  rotor  currents  induced  by  it,  may 
be  made  small  to  start  with.  The  "induction  confusion" 
(as  we  may  term  it)  in  the  rotor  is  thereby  lessened,  and 
the  latter  is  enabled  to  start  Avithout  difficulty. 

141.  Frequency,  Slip,  and  Speed. — The  more  rapid 
the  rotation  of  the  field,  the  greater  is  the  starting  difficulty 
with  motors;  and  it  is  on  this  account  that  there  is  a 
tendency  to  use  as  low  a  frequency,  as  possible  for  power 
work.  On  the  other  hand,  the  frequency  must  not  be  too 
low,  or  else  it  would  not  be  possible  to  use  the  same  sup- 
ply for  incandescent  lighting ;  the  rise  and  fall  of  the  cur- 
rent in  the  lamps  being  perceptible  at  very  low  frequencies. 
If  p  be  the  number  of  pai7'S  of  poles  per  phase,  the 
number  of  revolutions  (n)  of  the  field  per  minute  will 
be:— 

V 
When  a  polyphase  motor  is  running,  the  rotor  can  never 

reach  the  same  speed  of  rotation   as    the   field,  so  that 

"  racing  '*  is  unknown  with  this  class  of  motor,  a  fact  which 

constitutes  one  of  its  advantages.     The  field  rotates  round 

the  rotor  at  a  greater  rate  than  the  latter  revolves,  the 

difference  in  speed  being  known  as  the  slip.     The  greater 
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the  load  the  greater  the  slip.     Iq  other  words,  the  slip  is 
proportional  to  the  load,  i,  e.  to  the  torque. 

The  connection  between  the  frequency,  slip,  and  speed 
of  a  polyphase  motor  is  shown  by  the  following  example : — 

^^  An  induction  motor  is  supplied  tvith  3  phase  current  at  a 
frequency  of  60  periods  per  seco)\d.  What  speed  will  it  run  at  if 
there  are  16  pairs  of  poles  per  pha^e  and  tlie  dip  of  the  rotor  is  4  per 
cent.  ?  " 

As  already  shown  (p.  425),  if  the  rotor  were  rotating  in 
synchronism  with  the  field,  as  would  be  the  case  if  there 
were  no  load  on  it  and  therefore  no  slip,  its  speed  would 
be  given  by  the  formula : — 

Number  of  revs,  per  niin.  = — 

V 
where  ^  is  the  frequency  of  the  currents  supplied,  and 
'p  the  number  of  pairs  of  poles  per  phase:  ^  being  multi- 
plied by  60  to  get  the  frequency  in  periods  per  minute. 

Now  the  slip  of  the  rotor  is  the  difference  between  its 
speed  and  that  of  the  field,  and  in  the  case  under  con- 
sideration is  4  %. 

Hence  the  actual  speed  of  the  rotor : — 

60  X  - 


100 

X 

96      60x50 
100         16 

=  180  r.  p.  m. 
142.  Reversal  of  Polyphase  Motors. — To  provide 
for  the  reversal  of  the  direction  of  a  2-phase  induction 
motor,  it  is  only  necessary  to  insert  a  reversing  switch  in 
the  circuit  of  one  phase,  so  that  the  connections  of  the  pole 
windings  therein  may  be  reversed.     Thus,  referring  to  Fig. 
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238,  with  the  windings  as  there  shown,  the  polarities  during 
one  period,  before  and  after  the  reversal  of  the  2-phase 
winding,  would  be : — 

Phase.  A.  B.         A.         B. 

Poles.  1—3.     2—4.     3—1.     4—2. 

Before  reversal.      N.  S.     N.  S.     N.  S.     N.  S. 

After  reversal.  N.  S.  S.N.  N.  S.  S.N. 
Before  reversal,  the  north  polarity  travels  round  to  poles  1, 
2,  3,  and  4  in  turn ;  that  is  to  say,  the  rotation  of  the  field 
is  clockwise.  After  reversal,  on  the  other  hand,  the  north 
polarity  travels  round  vid  poles  1,  4,  3,  and  2,  i  e,  in  a 
counter-clockwise  direction.  And  since  the  direction  of 
rotation  of  the  rotor  corresponds  with  that  of  the  field, 
the  reversal  of  the  connections  of  the  B  circuit  will  thus 
effect  the  reversal  of  the  motor. 

With  a  3-phase  motor,  two  of  the  phase  connections 
must  be  interchanged,  and  the  connections  of  their  field 
windings  reversed.  Thus  if  in  Fig.  239  we  change  poles  2 
and  5  over  from  phase  G  to  phase  B,  and  poles  3  and  6 
from  phase  B  to  phase  G\  and  at  the  same  time  reverse 
the  connections  of  the  field  windings  so  as  to  reverse 
the  polarities,  we  shall  get  a  reversal  of  rotation.  This  will 
be  clear  from  the  following  table  : — 


ONE   PERIOD. 

Fraction  \                i           i           » 
of  period,  r                 *           * 

*           ^ 

% 

Poles.                     1-4      2-5      3—6 

4—1      5—2 

6-3 

Before  change  |  ^^  g      j^  g      j^.  g 
of  connections. ) 

N.  S.     N.  S. 

N.  S. 

Poles.                     1—4      6—3      5-2 

4—1      3-6 

2—5 

After  chapge    |  ^  g      ^^  g      ^  g 
ot  connections,  j 

N.  S.     N.  S. 

N.  S. 
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In  the  first  case,  as  already  shown,  the  north  and  south 
polarity  (i,  e.  the  field)  travels  round  in  a  clockwise  direc- 


Fia.  240. — Unwound  Stator  of  Polyphase  Motor  (Johnson  and  Phillips). 


tion ;  but  after  the  change  of  connections  the  field  rotation 
will  be  counter-clockwise. 

143.  Johnson  and   Phillips'  Polyphase  Motor. — 
Polyphase  motors  differ  widely  in  construction,  arrange- 
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ment  of  windings,  starting  and  controlling  gear,  and  so 
forth ;  but  it  must  suffice  to  mention  two  or  three  examples 
only. 

Fig.  240  shows  an  unwound  stator  of  a  Johnson  and 


Fig.  241. — Stator  wound  for  2-phase  work  (Johnson  and  Phillips). 

Phillips'  motor.  The  core  is  a  tunnelled  one,  and  is  built 
up  of  a  number  of  core-plates  clamped  together  by  bolts 
between  two  stout  metal  plates  which  are  attached  to  the 
cast-iron  outer  frame.  Each  tunnel  is  lined  with  a  press- 
spahn  insulating  tube  before  the  stator  is  wound ;  and  the 
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protruding  ends  of  these  tubes  will  be  noticed.  The  sur- 
face of  the  core  shown  in  Fig.  240  is  broken  by  narrow  slots 
cut  through  into  each  tunnel ;  but  these  are  now  dispensed 
with,  the  core  having  a  continuous  surface  as  in  Fig.  241, 
which  depicts  a  stator  wound  for  2-phase  work,  with  eight 
coils  in  each  phase.  The  arrangement  of  a  similar 
2-phase  winding,  having  six  coils  in  each  phase,  is  illus- 
trated in  Fig.  242. 
Here  the  firm  line 
coils  marked  Ay  A, 

A,  are  those  in 
phase  A  ;  while  the 
outer  set  shown  in 
dotted  lines  and 
marked  B,  B,  B, 
are  those  in  phase 

B,  This  figure 
should  be  compared 
with  Fig.  241.  In 
both  it  will  be 
noticed  that  each  set 
of  coils  is  joined  up 
to  a  separate  pair 
of    terminals,    this 

being  a  2-phase  winding.  Although  from  these  two  figures  it 
would  appear  that  the  one  set  of  coils  was  arranged  behind 
the  other,  this  is  not  really  the  case,  for  each  coil  has  its 
separate  slots,  and  the  windings  of  the  two  phases  are 
equally  near  to  the  rotor  gap.  This  will  be  understood  from 
Fig.  243,  where  B  are  the  end  turns  or  bends  of  one  of  the 
A  coils,  and  ^,  B"  those  of  two  adjacent  5  coils,  the  former 


Fig.  242. — Diagram  of  Stator  2-phase  Winding. 
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Fig.  243.— Disposition  of  Coil  ends 
on  Stator. 


coils.  A  stator 


beiDg  drawn  down  to  show  the  latter.  As  the -£^  bends  must 
of  necessity  stick  straight 

out   from    the   slots,  i.  e.  "  '      '^ 

lie  in  the  same  planes  as 
the    conductors    in     the 
slots  (of  which  they  form 
parts),  so  as  to  leave  the 
rotor-gap  free,  as  shown  in 
Fig.  241 ;  it  follows  that 
W,  F  and  the  other  bends 
in  the  same  phase  must 
be  turned  back  behind  the  bends  of  the  *'  A 
with  a  3-phase  wind- 
ing would  present  the 
same  general  features 
as   Fig.  241 ;   except 
that   there  would  be 
three  series   of  coils, 
and    three   terminals 
only.     This   arrange- 
ment is  diagrammati- 
cally   given    in    Fig. 
244,     where     A,  A, 
A...,    £,i?,^..., 
and   C,  0,0  ...  ,   are 
the  coils  of  phases  A, 
By  and  G  respectively 
One  end  of  each  series 
starts    from    one    of 
the  terminals  5;r,r; 
while  the  inner  ends  of  all  three  phases  are  connected 


Fig.  244.— Diagram  of  Stator  B-phase  Winding. 
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together  by  a  neutral  connector  N\  this  being  known  as  a 


Fig.  245.— Unwound  Rotor  (Johnson  and  PhUlips). 

star-connected  winding  (Fig.  248).     When  the  direction  of 


Fig.  246.— Wound  Rotor  (Johnson  and  Phillips). 

the  current  in  phase  A  is  towards  the  neutral  point  N 
(Fig.  248),  it  may  be  presumed  to  return  vid  the  B  and  G 
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circuits ;  while  the  B  and  C  CTirrents  may  be  said  to  return 
by  the  G  and  A^  and  A  and  B  circuits  respectively.  Thus 
it  will  be  seen  that  the  return  wire  illustrated  in  Fig.  239 
is  not  always  necessary. 

Fig.  245  shows  the  laminated  iron  core  of  a  rotor  mounted 


Fio.  247.— Wave  Winding  for  Kotor. 

on  its  shaft  before  being  wound.  The  "  winding  "  may  con- 
sist of  a  number  of  bars  placed  in  the  slots,  and  connected 
at  each  end  by  a  common  conducting  ring,  to  form  a 
squirrel-cage  (§§  136,  138);  or  the  core  may  be  wound 
with  coils  connected  to  three  collector  rings,  for  use  with  an 
external  starting  resistance,  as  in  Fig.  246.  There  are  two 
or  three  methods  of  winding  such  a  rotor,  that  generally 

p  p 
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adopted  by  Messrs.  Johnson  and  Phillips,  and  known  as  a 
wave  winding,  heing  illustrated  in  Fig.  247;  where  the  con- 
ductors are  shown  connected  for  3-phase  work.  Starting 
from  the  collector  ring  A,  one  winding  proceeds  vid  core 
slots  1,  2,  3,  4,  5,  6,  and  so  on,  till  it  terminates  at  the 
neutral  bar  N.  The  other  windings  start  respectively  from 
rings  JB  and  (7,  and,  proceeding  in  a  similar  manner,  like- 
wise terminate  at  iV.  Thus  the  rotor,  like  the  3-phase 
stator,  is  star-connected  ;  as  diagrammatically  represented 

by  Fig.  248,  where  A,  B,  and 
G  are  the  three  sets  of  wind- 
ings, N  the  neutral  con- 
nector, and  T,  T,  T,  the  ter- 
minals in  the  case  of  the 
stator,  or  the  slip-rings  in  the 
case  of  the  rotor. 

Fig.  249  is  a  diagram  of 
the  three-circuit  rheostat  or 
starting  resistance,  and  shows 
its  connection  to  the  brushes 
and  slip-rings  of  a  3-phase 
rotor.  The  figure  depicts  the  switch  in  the  '*  off''  position. 
To  start  the  motor,  current  is  first  switched  on  to  the 
stator,  say  by  means  of  an  ordinary  triple-pole  switch ;  and 
the  rheostat  handle  is  then  turned  in  the  direction  of  the 
curved  arrow.  When  its  arms  reach  the  studs  SySyS, 
the  rotor  starts,  all  the  resistance  being  then  in  circuit. 
As  the  arms  are  moved  further  round,  the  resistance  is 
gradually  cut  out,  until  the  last  stops  Z,  X,  Z,  are  reached, 
when  the  brushes  and  slip-rings  are  virtually  short- 
circuited,  and  the  motor  exerts  its  greatest  torque.     In  the 


Fig.  248. — Star-connection. 
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case  of  the  Johnson  and  Phillips'  machines,  it  is  usual  to 
keep  the  brushes  down  all  the  time  the  motor  is  running. 
In  some  motors, 
however,  arrange- 
ments are  made 
for  short-circuit- 
ing the  rotor 
rings,  and  raising 
the  brushes,  when 
the  motor  has 
been  run  up  to 
speed ;  the  start- 
ing resistance  be-      Fig.  249,— starting  Resistance  for  3-phase  Motor. 

ing  then  entirely 

disconnected.     This  is  the  case  with  the  motors  described 

in  §§  144  and  146. 

Fig  250  illustrates  a  2-phasc 
motor  with  squirrel-cage  rotor ; 
the  common  ring  to  which  the 
bars  are  connected  being  clearly 
shown  at  B,  This  firm  build 
motors  with  short-circuited 
rotors,  in  sizes  ranging  from  J 
to  50  B.H.P. ;  and  with  slip- 
rings  for  starting  resistances 
in  sizes  from  5  to  200  B.H.P. 
and  upwards. 

144.  Bruce    Peebles    and 
Co.'s  Polyphase  Motor. — A 
complete    3-phase    motor    for 
sizes  of  80  H.P.  and  upwards  is  illustrated  in  .Fig.  251 ; 
and  its  novel  appearance  as  compared  with  other  machines, 


Fig.  250.— 2-pha8e  Motor 
with  Squirrel-cage  Rotor 
(Johnson  and  Phillips). 
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is  due  to  the  fact  that  the  rotor  is  hollow,  and  open  at 

the  sides. 

For  these  larger 
outputs,  the  rotor  is 
provided  with  slip- 
rings,  and  brushes 
with  multiple  car- 
bon contacts;  these 
permitting  the  use 
of  a  starting  resist- 
ance in  the  manner 
already  described  in 
the  last  paragraph. 
When  the  motor  is 

Fig.  261.— Polyphase  Motor  (Bruce  Peebles  fairlv     started,     the 

and  Co.).  ^.  \ 

slip-nngs  are  short- 
circuited,  and  the  brushes  raised. 


Fig.  251a.— Slip-Ring  Short-circuiting  Device  (Bruce  Peebles  Motor). 

The  short-circuiting  device  is  shown  in  Fig.  25lA.  Here 
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MS  is  the  motor  spindle,  which  is  hollowed  at  this  end  to 
allow  of  the  cables  C,  (7  passing  through.  C  is  joined-up 
to  the  collector  ring  i^g,  and  C  to  the  ring  E^ ;  i^g  being 
connected  through  the  motor  spindle  with  its  end  of  the 
rotor  winding.  The  method  of  supporting  these  rings  may 
be  seen  in  Fig.  251b.  Here  it  will  be  observed  that  ^2 
forms  part  of  a  casting  K,  which  is  driven  on  to  the  tapered 
end  of  M  S,  and  secured  by  a  nut  N,  The  opening  in  the 
shaft  is  bushed  with  insulation  /,  to  prevent  contact 
between  the  end  of  the  shaft  and  the  ends  of  the  cables,  and 
possible  abrasion  of  the  latter.  The  rings  R^  and  B^  are 
fastened  by  three  insulated  bolts  to  -Rg  5  ^^^  ^f  these,  shown 
at  B,  being  insulated  by  the  fibre 
bushes  and  washers,  Fy  F,  Re- 
turning to  Fig.  251a,  the  ring 
i2i  carries  a  spider  with  three 
arms,  two  of  which  are  repre- 
sented by  Dy  D,  The  centre  of 
the  spider  supports  a  shaft  Sy  on     pj^.  25iB.-Momiting  of  Slip- 

which   slides  a  two-armed   piece   Rings  on  Shaft  (Bruce  Peebles 

PyPy  carrying  two  contact  plugs 

jr?,^',  which  are  pushed  in  or  pulled  out  by  the  teak-wood 
handle  T,  The  latter,  together  with  the  slip-rings, can  also  be 
seen  in  Figs.  251  and  253.  In  the  position  shown  (Fig.  251a), 
the  rings  are  open-circuited,  p  and  jp'  only  making  contact 
with  i?i  as  at  /j,  k,  P  with  p  and  p'  is  kept  in  this  position 
by  the  tension  of  the  helical  spring  Hy  in  the  hollow  of  the 
shaft  iS;  one  end  of  this  spring  being  attached  to  P,  while  the 
other  is  fastened  by  the  double  nuts  NK  When  T  and  P 
are  pushed  inwards,  p  makes  contact  with  the  socket  s  on 
the  inside  of  ^2>  ^^^  P'  "^^^^  s'  on  R^ ;  and  all  three  rings  are 
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connected.     II  really  only  acts  as  a  buffer  spring,  p  and  p' 
fitting  "  spring-tight "  into  k,  k,  s  and  s\     The  handle  T  is 

bushed  with  brass  at 
By  B,  this  forming  a 
bearing  on  which  the 
handle  rides  loose  on 

p,  p. 

The  stator-frame  is 
removable  from  the 
outer  frame,  as  will  be 
seen  in  Fig.  252 ;  the 
core  beingslotted,and 
the  windings  "  for- 
mer-wound." The 
rotor  is  wave-wound 
in  slots,  like  that  of 
the  Johnson  and 
Phillips  motor  (Fig. 
247). 

Fig.  253  depicts  a  rotor  belongiog  to  a  smaller  size  of 
machine,  and  the  simplicity  of  the  arrangement  of  the  slip- 


FiG.  252.— Wound  Stator  Frame  (Bruce 
Peebles  and  Co.). 


Fig.  253.— Wound  Rotor  (Bruce Peebles  and  Co.). 

rings  and  short-circuiting  device  will  be  noticed. 
145.    Harding    Churton     and     Co.'s    Polyphase 
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Motor. — Fig.  254  shows  a  motor,  without  slip-rings,  which 
is  very  similar  in  general  appearance  to  that  in  Fig.  250. 
With  this  make  slip-rings  are  usually  only  fitted  to  those 
machines  which  are  required  to  start  at  full  load,  and 
which  exceed  6  horse-power.  The  bearings  are  of  the 
self-oiling  type,  and  the 
terminals  are  enclosed  in 
a  hard-wood  case  fitted 
on  the  side  of  the  motor. 

146.  General  Elec- 
tric Co.'s  3-Phase 
Motor. — The  smaller 
motors  made  by  this 
firm  have  a  short-cir- 
cuited rotor.  In  the 
large  ones,  the  rotor 
windings,  on  starting, 
are  joined-up,  through 
slip-rings  and  brushes, 
with  a  three  -  circuit 
rheostat  in  the  same 
manner    as    was    illus- 

trated  in  Fig.  249,  and        ^'^ -'^-a^^S^d'co.):  ^^"'"^' 
described  in  connection  therewith. 

Sometimes  a  slip-ring  short-circuiting  device  is  fitted  to 
the  motor,  this  enabling  the  brushes  to  be  lifted,  and  the 
friction  and  wear  thereat  stopped,  when  the  motor  is  once 
started.  The  machine  shown  in  Fig.  255  is  so  fitted. 
When  the  lever  opposite  the  end  of  the  shaft  is  pulled 
outwards,  the  slip-rings  are  disconnected  from  each  other ; 
but  when  it  is  pushed  inwards,  they  are  short-circuited. 
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This  lever  is  connected  to  a  gun-metal  ring  which  cames 
three  copper  tongues ;  and  when  it  is  pushed  inwards,  these 
tongues  make  contact  with  flat  copper  strips  fitted  on  the 
inside  of  each  of  the  slip-rings,  thus  short-circuiting  the 
latter.  A  second  lever  (not  seen  in  the  illustration), 
having  two  arms  of  different  length,  is  pivoted  on  the 


Fig.  265. — 3-phase  Motor  with  Short-circuiting  Device  (Gen.  Elec.  Co.). 

rocker.  The  longer  arm  carries  a  handle,  while  on  the 
shorter  one  is  mounted  a  pin  passing  horizontally  beneath 
the  three  brushes.  The  lever  may  be  fixed  in  two  positions. 
In  one,  the  pin  does  not  touch  the  brushes,  which  then 
press  on  the  slip-rings;  while  in  the  other,  it  lifts  the 


§  147.] 


POLYPHASE  TRANSMISSION. 


441 


brushes  clear  of  the  rings.  When  the  motor  has  started, 
the  slip-ring  short-circuiting  lever  must  be  operated  first, 
and  then  the  brush-lifting  lever.  The  stator  terminals,  as 
will  be  seen,  are  mounted  on  the  top  of  the  motor. 

*147.  Transmission  of  Power. — Strictly  speaking, 
every  circuit  in  which  current  is  being  usefully  employed — 
whether  for  motive,  lighting,  heating,  chemical,  signalling 


3-Pfiase     Transmission     Lines 
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Fig.  256.— The  Electric  Transmission  of  Power. 

or  other  purpose — presents  a  case  of  the  electric  trans- 
mission or  distribution  of  power:  but  the  term  is  more 
generally  confined  to  those  circuits  in  which  the  current 
is  used  for  motive  purposes  only. 

lun  the  great  majority  of  cases,  motors  are  run  off  the 
constant-pressure  public  supply  mains;  but  in  isolated 
instances,  and  when  much  larger  motors  are  employed, 
the  latter  are  connected  to  special  mains.  Fig.  256  gives 
some  idea  of  the  wholesale  transmission  of  power  from  one 
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place  to  another.  A  may  be  the  location  of  water  power, 
and  B  a  place  or  town  come  distance  away.  At  -4  is  a 
turbine  driving  a  polyphase  generator,  the  current  from 
which  is  delivered  at  high  pressure  to  B,  and  there  fed 
into  a  motor  generator  whereby  it  is  converted  into  direct- 
current.  The  current  after  leaving  the  polyphase  generator 
at  A  would  usually  be  transformed  up  to  a  still  higher 
pressure,  and  afterwards  passed  through  a  step-down  trans- 
former at  B,  The  direct-current  at  B  would  then  be  dis- 
tributed through  a  central-station  switchboard.  At  A, 
two  or  more  generators  in  parallel  could  feed  into  the 
transmission  lines,  which  at  B  could  supply  a  number  of 
motor  generators  or  transformers  in  parallel.  The  supply 
would  not  necessarily  have  to  be  converted  into  direct 
current.  The  figure,  by  the  way,  indicates  a  generator 
with  a  vertical  shaft,  this  being  a  mode  of  construction 
specially  suitable  for  turbine  driving. 

At  the  present  time,  huge  generating  stations  are  being 
built  in  various  coal  districts  in  England;  and  here  polyphase 
currents  at  high  pressure  will  be  generated  and  distributed 
to  surrounding  towns  and  districts;  where,  by  means  of 
transformers,  the  supply  will  be  converted  to  the  ordinary 
pressure  and  character  (direct  or  alternating)  suitable  for 
general  use. 


CHAPTER   XIV.— QUESTIONS. 

In  answering  these  questions^  give  sketches  wherever  possible. 

*1.  Distinguish  between  a  motor  and  a  dynamo. 
*2.  Name  the  principal  kinds  of  motor,  and  explain  briefly  their 
different  features. 
*3.  Re-draw  Fig.  171  I,  illustrating  the  action  of  the  shuttle-arma- 
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ture  motor  ;  and  complete  the  figure  by  the  addition  of  an  armature 
coil,  field  magnet,  shunt  field-coil,  and  driving  battery. 

*4.  Explain  concisely,  in  three  ways,  the  action  of  the  drum- 
armature  motor. 

*5.  Sketch  a  simple  2-coil  drum-armature  motor,  with  field  mag- 
net, commutator  and  driving  battery. 

*6.  Explain  clearly,  in  your  own  words,  the  action  of  the  ring- 
armature  motor. 

*7.  Imagine  you  have  a  large  powerful  electro-magnet,  such  as 
might  belong  to  a  dynamo-machine,  and  with  only  a  short  gap 
between  the  poles,  also  that  the  magnet  is  excited  so  as  to  produce  a 
very  powerful  field  in  the  gap.  Say  what  you  know  about  the  effect 
which  would  be  produced  on  a  conductor  passing  freely  through  the 
gap,  when  a  current  of  100  amps,  was  caused  to  flow  through  the 
conductor.     [Prel.  1902.] 

8.  Give  a  simple  rule  for  the  direction  and  magnitude  of  the 
E.M.F.  induced  in  a  wire  passing  the  face  of  a  north-seeking  pole,  and 
for  the  force  exerted  on  it  per  ampere.     [Ord.  1899.] 

9.  A  straight  wire  carrying  a  continuous  current  of  500  amperes 
lies  at  right  angles  to  the  magnetic  flux  in  a  field  the  intensity  of 
which  is  10,000  lines  per  square  centimetre.     State  the  force,  in 

unds,  per  foot  of  the  wire  tending  to  produce  lateral  displacement. 
Ord.  1894.] 

10.  Explain  fully,  by  the  help  of  sketches,  why  a  shunt- wound 
dynamo  runs  in  the  same  direction  whether  it  is  used  as  a  motor  cr 
as  a  generator,  supposing  that  the  current  supplied  to  it  when  work- 
ing as  a  motor  enters  by  the  same  brush  as  that  at  which  the  current 
comes  out  of  it  when  used  as  a  generator.     [Ord.  1890.] 

*11.  Explain  how  it  is  that  the  back  E.M.F.  of  a  motor  opposes  the 
working  E.M.F. 

*12.  The  power  absorbed  by  a  motor  is  proportional  to  its  load. 
Elucidate  this  statement  in  your  own  words. 

*13.  In  connecting  up  a  shunt  dynamo  to  run  as  a  motor,  would 
you  join  the  positive  pole  of  the  circuit  to  the  positive  or  negative 
terminal  of  the  machine  1  Give  full  reasons  for  your  answer. 
[Prel.  1898.] 

*14.  How  many  volts  are  needed  to  send  a  current  of  20  amperes 
through  a  conductor  having  10  ohms  resistance  ?  What  difference 
would  it  make  in  your  answer  if  the  circuit  included  a  motor  having 
a  back  E.M.F.  of  450  volts  ?    [Prel.  1896.] 

15.  A  series  dynamo  has  an  armature  resistance  of  0'4  ohm,  and  a 
field  resistance  of  0*6  ;  and  gives  120  terminal  volts  at  a  given  speed 
and  current  of  10  amperes :  work  out  its  electrical  efficiency  as  a 
dynamo  and  as  motor  at  that  speed  and  current.     [Ord.  1895.] 

16.  Why  must  a  forward  lead  be  given  to  the  brushes  of  a  dynamo 
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if  the  sparking  is  to  be  reduced  to  a  minimum?  Why,  also,  must 
a  backward  or  negative  lead  be  given  to  the  brushes  of  a  motor  1 
[Ord.  1892.] 

17.  Why  is  a  starting  resistance  used  with  a  direct-current  motor? 
Describe,  with  a  sketch,  the  details  of  the  starting  resistance 
employed  with  a  shunt  motor.     [Onl.  1897.] 

18.  Describe  in  detail,  with  sketches,  a  starting  resistance  for  use 
with  a  shunt  motor.     [Ord.  1900.] 

19.  Explain  fully  why  a  shunt  motor  used  on  constant  pressure 
mains  runs  at  a  practically  constant  speed  independent  of  the  load. 
[Ord.  1897.] 

20.  A  shunt  motor  running  on  constant  pressure  mains  is  found 
not  to  run  quite  so  fast  as  is  desired.  Describs  the  easiest  way  of 
increasing  its  speed,  and  explain  why  the  plan  you  suggest  would 
accomplish  the  desired  result.     [Ord.  1901.] 

21.  It  is  desired  to  run  a  shunt  motor  at  varying  speeds  when 
supplied  with  current  at  constant  pressure.  What  are  the  advan- 
tages, disadvantages,  and  limitations,  if  any,  of  adopting  one  or  other 
of  the  following  arrangements  : — 

(a)  Varjring  the  speed  by  means  of  a  rheostat  in  series  with  the 
armature  ? 

(6)  By  means  of  a  rheostat  in  the  shunt  circuit  ?     [Ord.  1901.] 

22.  A  shunt  motor  constructed  for  use  on  a  100- volt  circuit  has 
to  be  re- wound  for  200  volts.  State  exactly  what  changes  must  be 
made  in  the  cross-section  of  the  wires  on  the  field  magnet  and  arma- 
ture respectively,  in  order  that  the  motor  may  run  at  the  same  speed 
and  work  with  the  same  efficiency  as  before.  The  difference  in  the 
space  occupied  by  the  insulating  material  in  the  two  cases  may  be 
neglected.     [Ord.  1899.] 

23.  A  4-pole  motor  armature,  24  inches  diameter,  series-wound 
with  202  external  conductors,  takes  300  amperes  at  210  volts.  Flux 
of  lines  from  one  pole  9,000,000  C.G.S.  measure  (or  1,600  lines 
English  measure).^  Assume  field  magnets  to  be  separately  excited,  and 


^  What  is  here  referred  to  as  "  English  measure  "  is  not,  by  the  way, 
generally  accepted,  though  useful.  They  are  Kapp  lines.  Thus  one 
Kapp  line  =  6,000  C.G.S.  lines,  and  consequently  9,000,000  C.G.S. 
lines  =  1,600  Kapp  lines.     (§  20.) 
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armature  to  work  with  95  per  cent,  efficiency.     Find  (a)  speed,  (6) 
horse-power,  (c)  tangential  pull  of  armature  conductors.   [Ord.  1893.] 

24.  A  motor,  ring- wound,  two-pole,  is  required  to  give  out  10  h.p. 
when  used  on  mains  at  150  volts.  Assuming  that  its  commercial 
efficiency  will  be  86  per  ceut.,  what  current  must  it  take  ?  Also, 
assuming  that  its  armature  is  not  to  run  above  600  revs,  per  minute, 
and  that  the  iron  in  its  core  has  a  nett  cross-section  of  20  square  inches, 
how  many  turns  must  be  wound  on  the  ring  ]  Use  your  judgment 
as  to  the  degree  of  saturation  of  the  armature  core.     [Ord.  1892.] 

25.  A  compound-wound  dynamo  when  running  at  1,200  revolu- 
tions maintains  a  potential  ^difference  of  100  volts  when  the  current 
produced  is  50  amperes.  If  you  desired  to  run  it  as  a  motor,  would 
you  alter  the  machine  in  any  way  ?  What  speed  would  it  run  at  if 
joined  up  to  100  volts  constant  pressure  mains,  and  what  horse-power 
would  it  give  out  ?    [Ord.  1898.J 

26.  How  would  you  wind  a  medium-sized  motor  (say  10  h.  p.)  to 
run  at  a  constant  speed  with  varying  load  ?  And  how  would  you 
start  such  a  motor  ?    [Ord.  1895.] 

27.  It  is  found  that  a  motor  (shunt- wound,  separately  excited,  or 
series- wound)  that  is  supplied  from  mains  at  constant  pressure  runs 
faster  if  its  field  magnet  is  weakened.  Explain  (1)  the  reason  for 
this  fact ;  (2)  what  arrangements  you  would  make  to  weaken  the  field 
magnet  in  the  case  of  each  of  the  three  sorts  of  motors  mentioned. 
[Ord.  1896.] 

28.  Give  a  diagram  representing  the  connections  and  switching 
arrangements  required  to  enable  a  series-wound  motor  to  be  run  in 
either  direction  at  will.  State  whether  you  would  use  a  series  or 
shunt- wound  motor,  (a)  if  it  were  required  that  the  speed  should  be 
constant  with  a  variable  load,  (6)  if  it  were  required  that  the  torque 
exerted  by  the  motor  should  be  practically  constant  with  a  variable 
speed,  or  greater  at  low  speeds.  Give  the  reason  for  your  preference 
in  each  case.     [Ord.  1900.] 

29.  You  are  required  to  arrange  an  electro-motor  to  drive  a  lathe, 
and  another  motor  to  drive  a  fan,  in  a  building  supplied  with 
current  from  constant  pressure  mains.  What  kind  of  motor  would 
you  select  in  each  case,  and  for  what  reasons  ?    [Ord.  1901.] 

30.  Describe  generally  the    advantages   and  disadvantages  that 


446  ELECTRIC  LIGHTING,  ETC.         [chap.  xiv. 

would  be  produced  by  replacing  the  ordinary  shaft  and  belt  driving 
of  machines  in  a  factory  with  electric  driving  of  each  individual 
machine,  or  of  each  set  of  machines.     [Ord.  1901.] 

31.  State  precisely  what  you  would  conclude  was  wrong  with  a 
continuous  current  shunt  motor- in  each  of  the  following  cases  : — 

1.  On  switching  on  with  a  light  fuse,  the  fuse  immediately  blows. 
On  putting  in  a  stronger  fuse  it  starts  off  at  an  excessive  and 
increasing  speed,  the  direction  of  rotation  being  perhaps 
reversed. 

2.  The  motor  appears  to  run  fairly  well  excepting  that  there  is  a 
bright  spark  at  each  set  of  brushes  which,  it  may  be  observed, 
occurs  once  every  revolution  of  the  armature. 

3.  The  armature  takes  an  excessive  current,  and,  on  stopping,  a 
coil  is  found  to  be  heated  or  perhaps  burnt  out.    [Ord.  1902.] 

32.  State  how  much  is  (approximately)  the  rated  power  of  motors 
used  in  electrical  tramcars.  Also  state  on  what  it  is,  in  an  electric 
motor,  that  the  torque  or  turning  moment  depends.     [Ord.  1896.] 

33.  Describe  a  simple  form  of  brake  suitable  for  testing  the  power 
given  out  by  a  motor  up  to,  say,  10  h.p.,  and  give  sketches  showing 
the  principal  dimensions.     [Ord.  1898.] 

34.  An  electric  tram-car  of  10  tons  rolling  weight  is  required  to 
run  up  an  incline  of  1  in  60  at  a  uniform  speed  of  7  miles  per  hour. 
The  resistance  to  traction  on  a  level  line  is  30  lbs.  per  ton,  and  the 
total  or  combined  efficiency  of  the  propelling  mechanism  (ratio  of 
mechanical  power  utilized  to  electric  power  supplied)  is  57  per  cent. 
What  is  the  electric  horse-power  which  must  be  supplied?  And 
what  is  the  current  required  if  the  supply  is  at  a  constant  pressure 
of  300  volts?    [Ord.  1892.] 

35.  An  electric  tram-car,  total  weight  10  tons,  runs  upwards  on  an 
incline  of  1  in  100.  The  motors  and  gear  are  such  that  for  every 
ampere  passing  through  the  armature  there  is  exerted  a  tractive 
effort  of  10  lbs.  The  resistance  to  traction  on  the  level  is  30  lbs. 
per  ton.  How  many  amperes  are  required  to  propel  this  car  up  the 
incline  ?  Give  the  horse-power  corresponding  to  a  speed  of  4  miles 
per  hour.     [Ord.  1893.] 

35a.  Work  out  the  examples  given  on  pp.  366  and  367  by  means 
of  the  simplified  formula  :— H.P.  =  -0114  n  T(§  110). 
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36.  Give  a  sketch  of  a  tramway  motor  and  the  arrangements  for 
altering  its  speed  and  the  direction  of  rotation.     [Ord.  1897.] 

37.  Give  sketches  of  a  *'  controller "  on  an  electric  tramcar,  and 
explain  exactly  how  it  acts.     [Ord.  1898.] 

38.  What  is  meant  by  **  series-parallel-control "  in  electric  tram- 
air  work  ?  Explain  how  its  adoption  affects  the  problem  of  starting 
the  car  from  rest  with  the  minimum  waste  of  energy  ;  give  sketches. 
[Ord.  1900.] 

39.  Describe,  with  sketches,  a  series-parallel  controller  for  an 
electric  tramway,  stating  the  connections  made  by  it  at  each  step. 
What  is  meant  by  a  magnetic  "  blow-out,*'  and  how  does  it  operate  ? 
[Ord.  1901.] 

40.  Describe  briefly  the  trolley-wire,  conduit,  and  surface  contact 
systems  of  electric  traction,  and  point  out  their  relative  advantages 
and  disadvantages.    [Ord.  1899.] 

41.  What  torque  in  inch  lbs.  must  be  exerted  by  each  of  the  two 
motors  on  a  tram-car  weighing  10  tons,  so  that  on  a  level  track  they 
may.  produce  an  acceleration  of  1*2  ft.  per  sec.  per  sec.  ?  Tractive 
force  30  lbs.  per  ton ;  gearing  ratio  4*8,  wheels  33  ins.  diameter  j 
efficiency  of  gearing  85  per  cent.     [Ord.  1902.] 

42.  Describe  one  kind  of  alternate  current  motor.     [Ord.  1895.] 

43.  What  are  the  advantages  and  disadvantages  of  polyphase  and 
single- phase  alternate  current  motors  ?    [OrJ.  1901.] 

44.  A  three-phase  motor  is  supplied  with  currents  having  a 
frequency  of  50.  What  speed  will  it  run  at  if  the  inductor  has  15 
poles  and  the  slip  is  3  per  cent.  1  [Ord.  1901.]  This  question  is 
Toguely  xocyrded.  What  is  probably  meant  is  that  there  are  15  pairs 
of  poles,  i.  e.  30  in  all;  or  10  poles  per  phase. 

45.  A  motor  driven  generator  is  being  used  to  charge  a  storage 
battery,  the  motor  being  protected  by  an  overload  cut-out.  Describe 
exactly  what  will  happen  if  the  exciting  current  of  the  motor  is 
steadUy  diminished.     [Ord.  1903.] 

46.  An  electrically  driven  railway  train,  weighing  100  tons,  travels 
10  miles  along  a  line  which  rises  600  ft.  in  the  distance,  the  tractive 
force  on  the  level  being  12  lbs.  per  ton.  Find  the  number  of  kilo- 
watt hours  required  to  do  the  work,  efficiency  of  motor  and  gearing 
being  taken  at  82  per  cent.     [Ord.  1903.] 


CHAPTER  XV. 

The  figures  refer  to  the  numbered  parogi^aphs. 

Chemical  Effect  of  the  Current.  Electrolysis,  148.  Electrolysis  of 
Water,  149.  Electrolysis  of  Common  Salt,  150.  Electrolysis  of 
Copper  Sulphate,  151.  Theory  of  Electrolysis,  152.  Laws  of 
Electrolysis,  153.  Electrolysis  by  means  of  the  Arc,  154. 
Secondary  Cell,  155.  Capacity  of  Secondary  Cells,  156.  Plant e's 
Secondary  Cell,  157.  ** Forming"  of  Plates,  158.  Pasted  and 
Grid  Plates,  159.  Size  of  Cells,  160.  E.M.F.  of  Cells,  161. 
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Number  of  Cells  required,  173.  Capacity  of  Cells,  174.  Size 
and  Type  of  Dynamo,  175.  Private  Generating  Installation, 
176.  Private  Generating  Installation  {cont.)^  Vll,  Charge  and 
Discharge  Switches,  or  Battery  Regulators,  178.  Accumulator 
Switchboards,  179.  Regulating-Cells,  180.  Battery-Charging 
Booster,  181.  Working  Hints,  182.  Hinti  on  the  Care  of  Cells, 
183.  The  Hydrometer  and  its  Use,  184.  Arrangement  of  Cells 
for  driving  Electric  Vehicles,  185.  Calculations,  186.  Question?, 
page  521. 

Chapter^  paragraph,  and  figure  numbers  in  italics  refer  to  Vol.  I, 
{bth  Ed,);  and  those  in  heavy  type  to  '"''Electric  Wiring  y  Fittings, 
Switches,  and  Lamps'^  (3ni  Ed.). 

*148.  Chemical  Effect  of  the  Cuurent.    Electro- 
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LYSIS. — When  electricity  is  passed  through  solutions  of 
certain  chemical  compounds,  the  latter  are  split  up  into 
their  constituents.  This  action  of  electricity  is  termed 
electrolysis,  and  the  solution  which  is  split  up  is  called 
the  electrolyte.  The  current  is  led  into  and  out  from  the 
solution  by  means  of  conducting  plates  of  lead,  carbon, 
platinum,  or  other  metal ;  according  to  the  nature  of  the 
solution  to  be  electrolyzed,  and  the  required  disposition  of 
the  liberated  constituents  of  the  electrolyte.  The  plate  by 
which  the  current  enters  the  solution  is  named  the  anode, 
and  the  plate  by  which  it  leaves  is  named  the  kathode. 
These  plates  are  also  termed  electrodes;  the  anode  being 
the  +  electrode,  and  the  kathode  the  —  electrode.  The 
constituents  into  which  the  electrolyte  is  decomposed  or 
split  up  are  called  ions ;  and  they  are  liberated  from  the 
solution  at  the  surfaces  of  the  anode  and  kathode.  That 
which  appears  at  the  anode  is  named  the  anion;  while 
that  which  is  liberated  at  the  kathode  is  termed  the  Jcation. 
*149.  Electrolysis  of  Water. — If  electricity  be 
passed  through  water,  the  latter  will  be  split  up  into  its  con- 
stituent gases — hydrogen  and  oxygen.  As  water  itself  is 
a  comparatively  bad  conductor,  it  is  necessary  to  acidulate 
it  slightly  with  a  few  drops  of,  say,  sulphuric  acid,  which 
has  the  effect  of  greatly  increasing  its  conductance.  A 
simple  form  of  apparatus  for  use  in  the  electrolysis  of 
water  is  shown  in  Fig.  257.  Two  platinum  wires,  mounted 
on  insulating  supports  affixed  to  the  base  of  the  glass 
vessel,  form  the  electrodes;  and  these  are  connected  by 
means  of  copper  wires  with  the  terminals  outside.  Platinum 
is  used  in  order  that  the  electrodes  should  not  be  attacked 
by  the  liberated   gases,  or  the  acidulated  water.     Over 
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these  wires,  and  resting  on  their  supports,  are  placed  two 
glass  tubes,  with  one  end  of  each  corked  up. 

The  glass  vessel  is  nearly  filled  with  acidulated  water, 
and  the  inverted  tubes  completely  so.  Then  when 
current  is  passed  through  from  three  or  four  suitable 
cells,  the  gases  which  are  given  oflf  in  the  form  of  bubbles 
at  the  electrodes,  rise  in  the  tubes,  and  displace  the 
water  therein.  Oxygen,  being  the  anion,  will  be  liberated 
at    the    surface    of   the    anode;    the    kation    (hydrogen) 

appearing  at  the  kathode. 
The  gases  may  be  tested  as 
follows  : — the  hydrogen  will 
burn  with  a  pale  blue  flame, 
but  will  not  support  combus- 
tion; so  that  if  a  lighted  match 
be  plunged  right  into  it,  the 
flame  will  be  extinguished. 
The  oxygen  will  not  burn, 
but  being  a  very  good  sup- 
porter of  combustion,  will 
make  a  lighted  match  burn 
more  brightly ;  and  will  even 
cause  a  glowing  match  to 
burst  into  flame.  Moreover,  it  will  be  noticed  that  about 
twice  as  much  hydrogen  as  oxygen  will  be  liberated,  thus 
demonstrating  the  proportion  in  which  these  gases  are 
combined  in  water,  viz.  HgO,  i.  e.  two  volumes  of  hydrogen 
to  one  of  oxygen. 

*150.  Electrolysis  of  Common  Salt. — Fig.  258  shows 
a  V-tube  clamped  in  a  stand,  and  having  platinum  wires 
(attached  to  the  ends  of  copper  ones)  suspended  in  the 


Fig.  257.— Electrolytic  CeU 
(Gen.  Elec.  Co.). 
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top  of  each  leg.  The  tube  is  filled  with  a  solution  of 
common  salt,  acidulated  with  a  drop  of  hydrochloric  acid 
to  improve  its  conductance;  the  electrolyte  being  reddened 
in  colour  by  the  addition  of  a  little  litmus.  Litmus,  by 
the  way,  is  a  vegetable  colouring-matter  which  is  red  in 
the  presence  of  acid,  and  blue  under  the  action  of  an 
alkali,  such  as  the  caustic  soda  mentioned  below. 

When  current  is  passed  through,  from  say,  a  battery  B 
of  bichromate  cells,  the  chlorine  from  the  solution  will  be 
liberated  at  the  anode ;  and  its  presence  will  be  denoted 
by  its  bleaching  or  decolourizing 
action,    the    liquid    around    the 
anode  losing  its  red  colour.     At 
the  kathode,  caustic  soda  will  be 
formed  ;  and  the  litmus  colouring 
of  the  solution  around  it  will  be 
turned  blue  thereby. 

Common  salt,  or  chloride  of 
sodium,  is  a  combination  of 
sodium  (Na  =  Natrium)  and 
chlorine  (CL),  and  is  indicated 
thus,  NaCl.  The  chlorine  is  liberated  at  the  anode,  and 
the  sodium  unites  with  tlie  water  to  form  NaOH,  or  caustic 
soda,  at  the  kathode. 

*151.  Electrolysis  of  Copper  Sulphate.— Take  a 
vessel  containing  a  solution  of  copper  sulphate  crystals  in 
water.  Use  clean  lead  plates  as  electrodes,  and  send  a  cur- 
rent through  the  electrolyte  from  a  battery  of  three  or  four 
cells.  After  the  action  has  been  going  on  for  about  five 
minutes,  it  will  be  found  on  examination  that  the  kathode 
has  received  a  coating  of  freshly-deposited  copper,  while 


Fig.  258.— Electrolysis  of 
Common  Salt. 
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the  anode  has  somewhat  darkened  in  colour,  owing  to 
slight  oxidation.  If  the  current  be  now  reversed,  the 
oxidized  plate  will  receive  a  deposit  of  copper,  and 
the  plate  which  was  previously  coppered  will  darken  in 
colour,  the  copper  being  slightly  oxidized  owing  to  the 
liberated  sulphion  (SO4)  uniting  with  the  hydrogen  of  the 
water  to  form  sulphuric  acid  (HgSOJ,  and  setting  free 
oxygen.  This  reaction  maybe  graphically  illustrated  as 
follows : — 

Before  Electrolysis, 

Kathodell      (coppert&phate)       "^^^^ 
After  Electrolysis. 

Direction  of  current. 

It  is  useful  to  remember  that  when  solutions  of  metallic 
compounds  are  electrolyzed,  the  metal  always  travels  through 
the  solution  in  the  direction  of  the  current^  and  is  thus 
deposited  on  the  kathode, 

152.  Theory  of  Electrolysis. — The  theory  about  to 
be  expounded  is  partly  due  to  Grotthuss,  and  partly  to 
Clausius.  All  the  chemical  elements  have  different 
"electrical  values"  so  to  say:  that  is,  some  are  more 
"electro -positive"  or  "electro-negative"  than  others.  In 
other  words,  the  atoms  of  any  one  element,  when  in  a 
temporary  free  state,  may  be  supposed  to  be  either  +  ly. 
or  —  ly.  charged.  Thus  the  elements  may  be  arranged  in 
an  order,  beginning  with  those  which  are  most  "  electro- 
positive," and  ending  with  those  which  are  most  *'  electro- 
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negative."  In  any  solution,  the  molecules  of  the  different 
constituents  may  be  considered  as  wandering  aimlessly 
about  in  a  crowd ;  and  the  molecules  of  like  matter  may 
be  supposed  to  be  constantly  interchanging  their  atoms. 
The  atoms,  being  set  free,  roam  about  until  they  meet 
with  other  free  or  uncombined  atoms,  when  they  form 
new  molecules.  This  is  what  may  be  presumed  to  take 
place  in  an  electrolyte.  When  the  electrolyte  has  no  flow 
of  electricity  through  it,  the  setting  free  and  recombination  ^ 
of  the  atoms  take  place  without  any  definite  direction  of 
movement  on  their  part.  But  when  a  current  is  sent 
through  the  electrolyte,  or  in  other  words,  when  a  P.D.  is 
set  up  between  the  electrodes ;  the  most  highly  "  electro- 
positive" constituent  or  ion  of  the  electrolyte  travels  in 
one  direction,  and  the  least  *' electro-positive"  (or  it 
may  be  "electro-negative")  constituent  travels  in  the 
other  direction.  Thus  it  is  that  we  get  the  liberation 
of  certain  ions  at  the  electrodes,  and  at  the  electrodes 
only. 

The  electro-positive  ions  will  appear  at  the  surface 
of  the  kathode  or  —  plate ;  while  the  electro-negative 
ions  will  appear  at  the  anode  or  -|-  plate.  As  the  anode 
and  kathode  maybe  presumed  to  be  slightly  positively  and 
negatively  charged,  respectively ;  the  action  of  electrolysis 
may,  to  some  extent,  be  further  explained  by  supposing 
that  the  electro-negative  ions  (for  instance)  are  repelled 
by  the  kathode  and  attracted  by  the  anode.  Hydrogen, 
sodium,  and  copper  are  electro-positive,  while  oxygen  and 
chlorine  are  electro-negative.  The  reader  should  refer  to 
§§  149 — 151,  and  see  that  the  results  there  obtained  agree 
with  what  has  just  been  said. 
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*153.  Laws  of  Electrolysis. 

(i.)  Faraday's  Law. — The  ammmt  of  chemical  action 
effected  by  the  passage  of  a  current  through  an  electrolyte  is 
directly  proportional  to  the  strength  of  the  current,  and  to  the 
time  of  its  Jloiv  in  seconds^ 

The  amount  of  chemical  action  brought  about  is  thus 
a  measure  of  the  total  quantity  of  electricity  which  has 
passed  through  the  electrolyte;  because  current  (in  amperes) 
X  time  (in  seconds)  =  coulombs  (Chap.  //.).  In  other 
words,  the  amourvt  of  chemical  action  effected  is  directly 
proportional  to  the  member  of  coidombs  which  have  passed 
through  the  electrolyte, 

(ii.)  Second  Law. — Tlte  quantity  of  an  ion  {in  grammes) 
liberated  in  a  given  time  is  equal  to  the  ^'electro-chemical 
equivalent"  of  the  ion  multiplied  by  the  strength  of  the 
current,  and  by  the  number  of  seconds  that  it  flows. 

In  other  words,  the  number  of  grammes  liberated  is 
equal  to  the  "  electro-chemical  equivalent "  multiplied  by  the 
number  of  coulombs  that  are  passed  through  the  electrolyte. 

The  electro-chemical  eqitivalent  of  any  given  ion  is  equal 
to  its  atomic  weight  divided  by  its  valency  and  multiplied 
by  -000010384?;  the  latter  figure  being  the  weight  of 
hydrogen  (in  grammes)  set  free  by  one  coulomb.  The 
atomic  weight  of  an  ion  is  the  weight  of  one  of  its  atoms 
as  compared  with  that  of  an  atom  of  hydrogen,  which  is 
taken  as  unity.  The  valency  of  an  ion  (expressed  by  one 
of  the  numbers  1,  2,  3,  or  4)  depends  on  the  number  of 
atoms  of  hydrogen,  or  other  element  with  single  valency, 
that  combine  with  one  atom  of  the  ion  in  question.  Thus 
the  valency  of  chlorine  is  1,  for  one  atom  of  chlorine  unites 
with  one  of  hydrogen  to  form  hydrochloric  acid  (HCl). 
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Oxygen  has  a  valency  of  2,  for  it  requires  two  atoms  of 
hydrogen  to  enter  into  combination  with  one  atom  of  oxygen 
to  form  water  (HgO).  Tables  of  atomic  weights,  valencies, 
and  electro-chemical  equivalents  will  be  found  in  any 
treatise  on  electro-chemistry. 

The  quantity  of  electricity  passed  through  an  electrolytic 
cell  is  usually  computed  in  ampere-hoicrs ;  one  ampere-hour 
being  equivalent  to  1  X  60  X  60  =  3600  coulombs  or  3*6 
kilocoulombs  (Chap.  //.). 

Practically  speaking,  electrolysis  can  only  take  place 
with  direct  currents,  for  as  the  chemical  action  depends 
upon  the  direction  of  the  current,  if  an  alternating  current 
were  passed  through  an  electrolyte,  the  chemical  action 
would  in  most  cases  be  reversed  with  each  reversal  of  the 
current,  so  that  the  resultant  eflfect  would  be  nil. 

154.  Electrolysis  by  means  of  the  Arc. — While  deal- 
ing with  electrolysis  it  may  be  mentioned,  by  the  way,  that 
there  are  innumerable  electro-chemical  processes  which  may 
be  eflfected  by  its  aid ;  the  branch  of  electrical  engineering 
dealing  specially  with  these  being  termed  electrO'Chemistry^ 

Electrolysis  may  not  only  be  conducted  by  passing  cur- 
rents through  solutions,  but  also  by  subjecting  substances 
to  the  heat  of  the  electric  arc.  We  may  cite  as  examples 
of  the  latter  method,  the  production  of  aluminium,  calcium 
carbide,  and  carborundum. 

Aluminium  occurs  iu  nature  in  various  rocks,  and  also 
in  clay,  marl,  slate,  and  several  crystalline  minerals.  One 
of  the  latter,  named  bauxite,  is  a  compound  of  sodium, 
aluminium,  and  iron.  This  is  treated  chemically  to  form 
hydrate  of  alumina,  and  the  latter  is  then  mixed  with 
certain  minerals  and  subjected  to  the  heat  of  the  arc  in  an 
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electric  furnace.  The  latter  takes  the  shape  of  a  carbon 
vessel  forming  both  the  "bath"  and  the  kathode,  while 
a  number  of  carbon  rods  with  their  ends  in  the  mixture 
act  as  the  anode.  A  very  large  current  at  100  volts  or  so  is 
then  applied,  and  the  various  arcs  formed  in  the  furnace 
heat  up  the  hydrate,  and  set  aluminium  free  in  a  molten 
condition. 

Calcium  carbide  is  also  prepared  in  an  electric  furnace, 
from  a  mixture  of  lime  and  coke.  A  mixture  of  coke,  sand, 
sawdust,  and  salt,  similarly  treated,  results  in  the  production 
of  carborundum,  an  extremely  hard  crystalline  substance 
which  is  used  as  a  substitute  for  emery. 

*155.  Secondary  Cell. — A  secondai^y  cell  or  accumulator 
diflFers  from  a  primary  cell  in  that  its  elements  or  plates 
have  first  to  be  put  into  the  necessary  chemical  condition 
by  means  of  electrolysis.  In  other  words,  it  has  first  of  all 
to  be  "  charged " ;  that  is  to  say,  a  current  of  electricity 
must  be  passed  through  it  for  some  time  before  it  is  able 
of  itself  to  exert  electromotive  force,  and  so  set  up  a 
current.  Thus  it  will  be  seen  that  it  is  not  electrical,  but 
chemical  energy  which  is  stored  up  in  charging  a  secondary 
cell  or  battery.  On  this  account  the  term  secondary 
battery  is  more  correct  than  either  of  the  terms  storage 
battery  or  accumulator;  for  the  latter  much-used  names 
tend  to  convey  to  the  mind  of  the  novice  the  erroneous 
idea  that  it  is  electricity  which  is  stored  up. 

A  simple  form  of  secondary  cell  may  be  made  from  two 
clean  lead  plates  dipping  into  dilute  sulphuric  acid  (say  1 
part  of  acid  to  10  parts  of  water).  If,  while  in  this  con- 
dition, the  lead  plates  be  connected  by  wires  with  a  galvano- 
scope  or  current-detector,  no  current  will  be  observed ;  for 
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the  simple  reason  that  a  cell  having  similar  electrodes 
caonot  exert  much,  if  any,  electromotive  force.  If,  how- 
ever, a  current  from  three  or  four  primary  cells  (bichromate, 
for  example)  be  passed  through  this  arrangement  for  five 
or  ten  minutes,  the  condition  of  the  lead  plates  will  be 
altered.  The  anion  (0)  will  attack  the  anode  or  +  plate, 
and  peroxidize  it,  as  will  be  seen  from  the  reddish-brown 
film  of  lead  peroxide  (Pb  Og)  ^  which  appears  on  its 
surface ;  while  the  kathode  will  be  but  very  little  changed. 
In  this  condition  the  cell  is  able  to  exert  E.M.F.,  as  will  be 
readily  seen  if  it  be  connected  once  again  with  the  detector. 
The  action  may  be  simply  expressed  as  follows  : — 

(  Uncharge^  (Anode)  PblHgO  +  H2S04|Pb  (Kathode) 
{Charged)  Pb02lH20  +  H2S04lPb. 

When  the  cell  is  charged,  that  is,  when  the  surface  of 
the  anode  has  been  converted  into  Pb02  (lead  peroxide) — 
the  kathode  being  still  plain  lead,  for  the  liberated  hydrogen 
does  not  combine  with  it — we  may  use  it  as  a  source  of 
E.M.F.,  or  roughly  speaking,  we  may  take  current  from  it. 
In  so  doing  the  cell  gradually  becomes  discharged. 

In  the  process  of  discharging,  the  acid  in  the  electrolyte 
acts  on  both  plates,  and  forms  sulphate  of  lead  (PbSOJ 
thereon.     Thus : — 

{Discharged)  (Anode)  PbS04|H20  +  H20|PbS04  (Kathode). 
As  long  as  any  peroxide  of  lead  is  left  on  the  surface  of  the 
anode,  the  cell  will  continue  to  give  current ;  but  the  more 
it  is  discharged,  the  greater  will  be  the  amount  of  PbOg 
changed  into  PbSO^.  If  the  cell  were  fully  discharged, 
both  plates  would  be  completely  coated  with  the  sulphate, 

1  Pb  =  Plumbum  =  Lead. 
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and  being  then  in  exactly  the  same  chemical  condition,  no 
E.M.F.  would  be  produced.  As  is  mentioned  later  on, 
however,  a  cell  must  never  be  completely  discharged. 

A  second  charge  will  bring  back  the  plates  once  more 
to  the  state : — 
{Recharged)  (Anode)  PbOalHgO  +  H2S04|Pb  (Kathode). 
This  is  only  a  rough  way  of  expressing  the  chemical 
changes  which  take  place  in  the  cell,  and  which,  by  the 
way,  are  not  even  yet  very  thoroughly  understood.  It  is 
important  to  observe  that  the  sulphuric  acid  solution  is 
strongest  when  the  cell  is  fully  charged;  and  that  it 
gradually  weakens,  owing  to  the  sulphatirig  of  the  plates, 
as  the  cell  is  discharged,  recovering  its  strength  once  more 
when  the  cell  is  recharged.  The  specific  gravity  of  the 
solution  consequently  varies  with  the  condition  of  the  cell, 
which  fact  enables  the  latter  to  be  ascertained  by  means 
of  a  hydrometer,  as  explained  in  §  184. 

Starting  with  plain  lead  plates,  we  find  that  the  kathode 
becomes  sulphated  during  discharge,  but  returns  to  its 
condition  of  plain  lead  on  recharge.  The  surface  of  the 
kathode,  however,  is  left  in  a  slightly  porous  condition. 
This  porous  part  of  the  lead  plate,  which  is  increased  by 
repeated  chargings  and  dischargings,  is  known  as  spongy 
lead.  If  the  cell  be  repeatedly  charged,  first  in  one  direc- 
tion and  then  in  the  other,  the  surfaces  of  both  plates  will 
be  rendered  spongy  or  porous,  and  the  action  of  the  cell 
will  be  much  improved.^ 

^  Some  form  of  bichromate  battery  is  best  for  electrolytic  experi- 
ments, and  the  charging  of  small  accumulators  ;  Leclanch^  or  dry 
cells  being  quite  unsuitable  for  such  work,  as  they  polarize  so  rapidly 
(see  the  Author's  First  Book  of  Electi^ity  and  Magnetism),     If  a 
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*156.  Capacity  of  Secondary  Cells. — The  amount  of 
energy  which  can  be  stored  up  in  two  simple  lead  plates, 
depends  upon  the  quantity  of  lead  peroxide  formed  on  the 
anode  or  +  plate;  and  this  again  depends  a  great  deal 
upon  the  amount  of  surface  exposed  to  the  electrolyte. 
After  a  cell,  such  as  has  just  been  described,  has  been 
repeatedly  charged  and  discharged  in  opposite  directions, 

direct-current  lighting  supply  be  available,  current  for  such  experi- 
ments may  conveniently  be  drawn  from  the  mains.  For  this  purpose, 
the  arrangement  of  switches,  lamp-holders,  etc.,  shown  diagram- 
matically  in  Fig.  259  will  be  found  useful.  /S  is  a  row  of  tumbler 
switches  mounted  on  the  top  of  the  lid  of  a  box,  and  L  a  row  of  lamp- 
holders  preferably  fixed  on  the  underside  of  the  lid,  so  that  the 
lamps  may  be  shut  up  in  the  box,  and  the  glare  from  them  avoided. 
The  sets  of  switches  and  holders  are  connected  in  parallel  across 
the  terminals  T,  T+,  each  set  consisting  of  a  switch  in  series  with  a 
lampholder.  A  third  terminal  T- ,  by  the  side  of  7+,  is  connected 
through  the  main  switch  MS  and  fuse  F  with  a  fourth  terminal  T, 
T  and  T  are  joined  up  by  wires  W  with  a  pair  of  terminals  on  the 
distribution  board  in  the  building,  the  fuse  F  being  made  somewhat 
lighter  than  the  double  pole  fuses  on  the  board.  The  terminals  T 
and  T  are  purposely  put  far  apart,  as  the  full  voltage  of  the  circuit 
is  between  them,  and  a  short  circuit  would  cause  rather  bad  spark- 
ing and  the  rupture  of  the  distribution-board  fuses.  The  electrolytic 
or  secondary  cell,  or  other  apparatus  for  which  current  is  required,  is 
connected  to  the  terminals  T+  and  T- .  Lamps  being  inserted  in  the 
liolders  at  L,  the  current  flowing  through  the  apparatus  can  be  regu- 
lated by  turning  on  one  or  more  of  the  switches  S.  By  using  lamps 
of  8,  16,  25  or  higher  candle-power,  the  additions  of  current  when 
the  switches  8  are  put  "  on "  can  be  regulated  as  desired.  With  a 
given  apparatus  in  circuit,  the  P.D.  between  T+  and  T-  will  increase 
as  the  number  of  lamps  switched  on  is  increased.  The  available 
pressure  between  T+  and  T-  can  also  be  increased  by  using  lamps 
of  slightly  lower  voltage  than  that  of  the  supply  circuit.  The  main 
switch  MS  enables  the  current  to  be  turned  on  or  off  directly. 
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the  surfaces  of  both  plates  become  more  and  more  porous. 
The  electrolyte  soaks  into  this  porous  surface,  and  thus  a 
greater  amount  of  lead  peroxide  is  formed  on  the  anode 
during  the  charging.  With  each  successive  charging  and 
discharging,  the  active  surface  of  the  anode  is  further 
increased;  and  more  spongy  lead  is  formed  upon  the 
kathode  plate.  The  latter  in  this  condition  more  readily 
forms  PbSO^,  as  is  necessary  in  the  action  of  the  cell. 

This  formation  of  spongy  lead  on  both  plates,  which 
is  called  forming^  may,  as  mentioned  in  the  preceding 
paragraph,  be  effected  by  alternately  charging  the  cell, 

discharging  it, 
and  charging  it 
again  in  the  re- 
verse direction. 
"  Forming  "  has 
the  effect  of  in- 
creasing the  sto'- 
age  capacity  of 
the  cell. 
It     should     be 
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Fig.  259. — Current  Regulator. 


noted  that  the  charging  current  in  a  secondary  cell  is 
in  the  opposite  direction  to  the  current  of  discharge. 

*157.  Planters  Secondary  Cell. — The  original  type  of 
cell,  invented  by  M.  Gaston  Plante,  is  shown  in  Fig.  260. 
It  consisted  of  two  sheets  of  lead  rolled  up  together,  with 
some  strips  of  insulating  material  interposed  to  prevent 
metallic  contact  between  the  plates.  This  roll  of  lead  was 
then  immersed  in  an  electrolyte  consisting  of  a  solution  of 
1  part  of  pure  sulphuric  acid  in  10  parts  of  water.  The 
*'  forming  process  "  was  managed  as  follows.     The  cell  was 
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charged  until  gas  was  freely  given  ofif  from  the  plates, 
this  denoting  that  the  available  surface  of  the  anode 
was  fully  peroxidized.  The  cell  was  then  discharged,  and 
charged  the  opposite  way  to  the  previous  charge;  this 
alternate  charging  and  discharging  having  to  be  repeated 
several  times  before  the  cell  acquired  any  degree  of  capacity. 

*158.  "Forming'*  of  Plates.— In 
forming  the  plates  as  above  described, 
it  was  found  advisable  to  allowa  period 
of  some  days  to  elapse  between  each 
reversal  of  the  current.  During  this 
period  of  rest,  the  thin  film  of  PbOg 
on  the  +  plate  decomposed  the  sul- 
phuric acid,  and  formed  lead  sulphate 
(PbS04),  this  practically  discharging 
the  cell.  When  the  current  was 
reversed,  the  PbSo^  was  reduced  by 
the  nascent  (newly  liberated)  hydro- 
gen, and  the  amount  of  finely-divided 
or  spongy  lead  thus  greatly  increased. 

To  accelerate  still  further  their 
formation,  Plante  treated  the  plates 
with  dilute  nitric  acid,  which  thoroughly 
cleaned  and  slightly  roughened  their 
surfaces:  and  during  charging  he  heated  the  cell,  this 
having  the  effect  of  opening  the  pores  of  the  metal,  and 
allowing  the  electrolyte  to  penetrate  more  deeply  into 
the  plates.  Cells  of  the  Plante  type  have  since  been 
much  improved  by  different  inventors  and  manufacturers ; 
the  main  objects  being  to  hasten  the  formation,  and 
increase  the  storage  capacity  and  durability  of  the  plates, 


Fig.  260.— Plant6'8 
Secondary  Cell. 
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and  also  to  reduce  their  weight.     The  cells  described  in 
§  166  are  of  this  type. 

*159.  Pasted  and  Grid  Plates. — Before  the  improve- 
ments in  the  Plants  type  of  secondary  cell,  just  referred  to, 
were  eflfected ;  a  process  was  devised  by  Faure  in  which  the 
plates  were  plastered  over  with  a  paste  made  of  red  lead 
(red  oxide  of  lead,  PbgOJ  and  sulphuric  acid,  this  mixture 
forming  lead  sulphate.  In  the  charging  of  the  cell,  the 
paste  on  the  +  plate  was  reduced  to  PbOg,  and  that  on 
the  —  plate  to  spongy  lead;  so  it  will  be  seen  that  by  this 
plan  the  formation  of  the  plates  was  greatly  accelerated. 

The  main  drawback  of  the  original  Faure  cell  was  the 
difficulty  of  getting  the  paste  to  adhere  to  the  lead 
plates.  This  was  overcome  at  last  by  casting  them  in 
the  form  of  grids,  i.  e.  with  perforations  wherein  the  paste 
could  be  packed.  In  modern  cells  the  negative  plates  are 
nearly  always  in  the  form  of  grids ;  but  the  positives  in 
most  cases  are  solid  in  the  centre,  with  ridges  on  each  side. 
The  paste  for  the  negative  plates  is  now  usually  formed  of 
litharge  (lead  monoxide,  PbO)  and  sulphuric  acid;  that 
for  the  positive  plates  being  made  of  red  lead  and  acid 
as  above  described. 

*160.  Size  of  Cells. — All  secondary  cells,  except  the 
very  smallest,  have  a  number  of  positive  and  negative 
plates  arranged  alternately  and  close  together,  but  without 
touching;  all  the  +  plates  being  connected  to  one  or 
more  cross-bars,  and  the  —  plates  to  similar  bars  separated 
from  the  positive  ones.  Fig.  261  gives  some  idea  of  this 
arrangement,  and  represents,  in  plan,  a  13-plate  cell  with  6 
positives  and  7  negatives,  the  former  being  shown  black. 
B,  B  are  the  bars  to  which  the  plates  are  attached,  and  + 
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and  —  the  terminal  lugs  of  the  cell,  by  means  of  which  it 
may  be  connected  to  others.  There  is  always  an  odd  number 
of  plates,  there  being  one  more  negative  than  positive,  so 
that  none  of  the  positive  surface  is  wasted.  In  the  figure 
for  example,  if  the  end  negative  N  were  done  away  with, 
and  the  number  of  plates  thus  made  even,  the  side  S  of 
the  end  positive  would  be  rendered  inactive. 

The  number  of  plates  varies  from  3  to  33  or  more,  accord- 
ing to  the  desired  capacity  of  the  cell  (§  162);  and  the 
latter  depends  on  the  size  of  the  plates,  as  well  as  on  their 
number. 

*161.  E.M.F.  OF  Cells. — In  the  charging  of  a  secondary 
cell,  the  P.D.  that  must  be  applied  must  exceed  a  certain 
value,  which  is  a  measure  of  the 
tendency  of  the  ions  (§  148),  to 
recombine.  In  other  words,  di- 
rectly one  begins  to  charge  a  cell, 
the  liberated  ions  set  up  what  is 
virtually  an  E.M.F.  in  the 
contrary  direction  to  the  charg- 
ing E.M.F.;  this  hack  EM.F. 
gradually  rising  to  a  maximum 
of  about  2'2  volts  per  cell  at  full  charge.  In  order  to 
charge  a  single  cell,  a  P.D.  of  at  least  2*5  volts  should 
be  available ;  and  if  two  or  more  cells  are  to  be  charged, 
this  charging  P.D.  must  be  multiplied  by  the  number 
of  cells  (in  series)  comprised  in  the  secondary  battery. 
Thus,  if  the  latter  consists  of  53  cells,  the  available  charg- 
ing P.D.  must  be  equal  to  about  53  x  2*5  =  133  volts. 

On  discharging,  the  E.M.F.  of  a  cell  drops  very  rapidly 
from  about  2*2  to  2  volts ;  and  after  remaining  steady  for 


Fig.  261.— Diagram  of 
Secondary  Cell. 
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some  time  at  2  volts,  would  gradually  drop  to  zero  if  it 
were  fully  discharged.  But  it  is  one  of  the  first  rules  of 
secondary  battery  management  that  the  E.M.F.  must 
never  be  allowed  to  fall  below  1'85  volts  per  cell, 
otherwise  the  deterioration  of  the  battery  will  be  very 
rapid. 

162.  Capacity  and  Efficiency. — The  charging  or 
discharging  E.M.F.  of  a  cell  is  practically  independent  of 
its  size,  but  on  the  latter  depend  its  charging  and  discharg- 
ing currents.  These  are  determined  chiefly  by  the  number 
and  size  of  the  positive  plates,  or,  in  other  words,  by  the 
total  superficial  area  of  peroxidized  plate,  reckoning  both 
sides.  Varying  with  the  construction  of  the  cell,  the 
charging  current  may  be  from  4  to  8  amperes  per  square 
foot  of  plate.  The  normal  discharging  current  is  practically 
equal  to  the  respective  charging  current. 

On  the  size  of  a  cell  depends  also  its  ampere-hour 
capacity,  i.e.  the  number  of  ampere-hours  required  to 
charge  it,  or  the  number  of  ampere-hours  it  will  give  out 
on  discharge.  Capacity  may  also  be  reckoned  in  watt- 
hours  or  kilowatt-hours,  this  method  being  generally 
applied  to  a  battery  of  cells ;  as  to  mention  the  capacity 
of  the  latter  in  ampere-hours  would  be  inconclusive  unless 
we  knew  the  number  of  cells,  and  consequently  the  voltage 
of  the  battery.  The  ampere-hour  capacity  merely  tells  us 
the  quantity  of  electricity  which  has  to  be  put  in  in 
charging,  or  which  may  be  got  out  on  discharge ;  whereas 
the  watt-hour  capacity  deals  with  the  quantity  of  elec- 
trical energy  put  in  or  given  out,  or,  in  other  words,  the 
amount  of  work  expended  on  or  done  by  the  battery. 

The  ampere-hour  capacity  multiplied  by  the  average 
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voltage  of  the  cell  or  battery   will   give   the   watt-hour 
capacity. 

The  discharging  capacity  is  naturally  less  than  the 
charging  capacity,  as  it  would  be  impossible  to  get  the 
same  number  of  kilocoulombs  out  of  a  cell  as  were  passed 
through  it  in  charging ;  some  of  the  energy  having  neces- 
sarily to  be  expended  in  the  double  process  of  conversion 
from  electrical  to  chemical  energy  and  back  again  to 
electrical  energy. 

A  cell  with  a  given  capacity  may  be  charged  or  dis- 
charged at  diflferent  rates,  but  there  are  limits  to  be 
observed.  Thus  a  cell  with  a  charging  capacity  of  400 
ampere-hours  might  be  charged  in  10  hours  with  40 
amperes,  or  in  8  hours  with  50  amperes  :  but  the  attempt 
to  charge  it  in,  say,  4  hours  with  a  current  of  100  amperes 
would  only  result  in  the  ruin  of  the  cell.  In  discharging  a 
cell  there  is  also  a  limit  to  the  current  that  may  be  drawn 
from  it,  i.e.  to  its  rate  of  discharge ;  but  it  does  not  matter, 
of  course,  how  slowly  the  discharge  is  conducted.  The 
discharge  capacity  of  a  cell  depends  upon  the  rate  of  dis- 
charge. With  every  given  type  and  size  of  cell  there 
is  a  maximum  discharge  current  which  must  never  be 
exceeded.  A  cell  discharged  at  its  highest  rate  will  only 
have  half  (or  less  than  half)  the  capacity  it  would  possess  if 
discharged  at  a  low  rate.  In  other  words,  the  discharging 
capacity  of  a  cell  is  not  a  hard-and-fast  quantity ;  for  the 
smaller  the  current  drawn  from  it,  the  greater  will  be  the 
number  of  ampere-hours  it  will  give  out  before  its  E.M.F. 
falls  to  the  prescribed  minimum. 

All  the  cells  in  a  series  battery  must  be  of  equal  capacity, 
and  the  ampere-hour  capacity  of  a  battery  of  a  single 

H  H 
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string  of  cells  in  series  is  exactly  the  same  as  that  one  cell. 
The  watt-hour  capacity,  however,  depends  on  the  number 
of  cells.  If  the  battery  comprises  two  parallel  rows  of 
equal-sized  cells,  its  ampere-hour  capacity  will  be  double 
that  of  one  cell.  The  E.M.F.  of  a  battery  is  proportional  to 
the  number  of  cells  in  series ;  but  the  P.D.  depends  on  their 
size  (i.  e.  their  resistance)  and  on  the  discharging  current. 

The  ampere-hour  efficiency  of  a  cell  is  the  ratio  of  the 
discharge  to  the  charge,  both  being  reckoned  in  ampere- 
hours.  The  watt-hour  efficiericy  of  a  cell  or  battery  may 
be  obtained  by  dividing  the  amount  of  energy  (in  watt- 
hours)  given  out  during  discharge,  by  the  amount  expended 
in  charging  it  (sometimes  incorrectly  called  the  charging 
power).  The  watt-hour  efficiency  of  a  cell  or  battery  can 
never  exceed  about  80  per  cent. 

The  efficiency  of  a  cell  or  battery  is  not  a  fixed  quantity, 
but  varies  with  the  charge  and  discharge  rates ;  it  also  de- 
pends on  the  period  which  elapses  between  charge  and  dis- 
charge. If  the  charge  of  a  cell  is  not  hurried,  and  no 
great  time  is  allowed  to  elapse  between  charge  and  dis- 
charge, and  it  is  discharged  at  a  low  rate,  the  cell  will 
give  its  best  efficiency  (p.  485). 

163.  Weight  and  Capacity. — The  weight  efficiency  of 
cells  is  indicated  by  the  ratio  between  the  discharging 
capacity  and  weight ;  and  depends  chiefly  on  whether  the 
cells  are  intended  for  stationary  or  for  vehicular,  launch  or 
other  portative  work ;  a  high  weight-efficiency  being  gener- 
ally only  secured  at  the  expense  of  durability.  Broadly 
speaking,  for  stationary  work,  the  weight  of  a  complete 
cell  (in  pounds)  will  vary  from  one-third  to  one-half  the 
number  expressing  its  ampere-hour  capacity  at  the  normal 
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rate  of  discharge.  Thus,  if  a  cell  has  a  normal  capacity  of 
300  ampere-hours,  its  weight  will  probably  be  between  100 
and  150  pounds. 

For  rough  calculations,  it  may  be  assumed  that  for  every 
horse-power-hour  (746  watt-hours)  of  energy  which  it 
will  give  out,  a  battery  will  weigh  one  hundredweight. 

In  traction  cells,  where  lightness  is  essential,  the 
capacity  may  be  6  or  7  ampere-hours  for  every  pound  of 
weight ;  so  that  a  cell  weighing  7  pounds  will  give  between 
40  and  50  ampere-hours  discharge. 

164  Modern  Types  of  Cell. — Since  the  pioneer  work 
of  Plants  and  of  Faure,  quite  an  army  of  inventors  have 
exercised  their  ingenuity  in  devising  secondary  cells ;  but 
the  number  of  dififerent  makes  at  present  on  the  market  is 
comparatively  small,  and  there  is  a  strong  family  likeness 
between  them.  We  shall  now  proceed  to  describe  and 
illustrate  examples  of  six  accumulators  of  different  manu- 
facture, these  being : — 

(1)  The  E.P.S. 

(2)  The  Chloride. 

(3)  The  D.P. 

(4)  The  Tudor. 

(5)  The  Marquand. 

(6)  The  Monobloc. 

Most  of  these  makes  of  cell  are  divided  into  various 
types,  according  as  they  are  for  stationary  or  portative 
work.  Of  the  former  class  there  are  different  kinds,  con- 
structed for  rapid,  medium,  and  slow  discharges.  The 
portative  cells  are  built  up  in  various  forms,  for  vehicle, 
tram-car  and  launch  driving;  ship,  train,  or  tram-car 
lighting ;  medical  and  theatrical  purposes,  and  so  forth. 
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P"  Type. 


K"  Type. 


"L"  Type 


Fio.'2d2.— Portions  of  B.P.S.  Plates  (Scale— Fall  Size). 
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Stationary  cells  are  usually  contained  in  glass  boxes,  and 
portative  cells  in  lead -lined  wooden  boxes,  or,  in  the  case 
of  very  small  cells,  in  ebonite  cases.  The  number  of 
different  types  and  forms  is,  in  fact,  so  large ;  that  only  a 
few  representative  ones  of  each  make  can  be  described. 

*165.  The  E.P.S.  Cells.— There  are  four  chief  types  of 
these  cells  for  stationary  purposes,  viz.  the  "  P,"  the  "  WS'* 
the  " Ky'  and  the  '* L "  types ;  and  several  for  traction, 
train-lighting,  and  other  portable  work.  Their  name  is 
formed  by  the  initials  of  the  makers,  the  Electrical  Power 
Storage  Company.^ 

The  "P"-type  has  been  designed  for  central  stations  for 
electric  tramway  and  power  work,  where  extremely  heavy 
and  more  sudden  demands  are  made  than  in  lighting  work 
only.  These  cells  may  be  discharged  in  one  hour  if  neces- 
sary. Full  size  elevations  and  sections  of  portions  of  the 
+  and  —  plates,  which,  by  the  way,  are  about  14  inches 
square,  are  given  in  Fig.  262  at  A  and  B,  From  these  it 
will  be  seen  that  the  +  plate  is  solid  in  the  centre,  as  at 
G;  while  the  —  plate  is  in  the  form  of  a  grid.  The  walls 
of  each  little  cell,  G\  in  the  latter,  are  so  shaped  that  the 
spongy  lead  lozenge  formed  therein  is  keyed  in  place. 
This  formation  is  shown  at  V  and  J7",  which  give  sections 
of  the  vertical  and  horizontal  bars  of  the  grid.  The 
"  honeycombing  '*  in  this  and  in  most  other  grid  plates  is 
strengthened  by  thick  vertical  and  horizontal  bars,  as  in- 
dicated at  B,  By  B  in  Fig.  263.  This  figure  shows  the 
outline  of  a  "  P  "-type  negative  plate ;  a  small  portion 
only  of  the  *' honeycombing,"  which  corresponds  with  that 
at  B  in  Fig.  262,  being  drawn  in. 

The  "P"-type  cells,  which  are  usually  mounted  in  lead- 
^  A  new  "  0  K."  type  has  recently  been  introduced. 
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lined  teak  boxes,  vary  in  size  from  9  to  57  plates.  The 
largest  cell,  when  discharged  in  one  hour,  gives  a  current 
of  1400  amperes,  this  being  equivalent  to  a  capacity  of 
1400  ampere-hours.  If  discharged  at  a  low  rate,  however, 
say  420  amperes  for  seven  hours,  the  capacity  is  more  than 
doubled,  being  then  2940  ampere-hours. 

Fig.  264  illustrates  a  23-plate  "WS"-type  cell  in  a  glass 

^-v  box,the  ordinary  sizes  ha V- 
C^ing  from  5  to  25  plates 
""  which  measure  about  lOJ 
inches  square.  These 
cells  may  be  discharged 
in  from  2  to  7  hours; 
their  ampere-hour  ca- 
pacity at  the  high  rate, 
however,  being  only  half 
that  at  the  low  rate. 
Thus  the  cell  illustrated 
has  a  capacity  of  616 
ampere-hours  with  a  7- 
hour  discharge  at  88 
amperes;  but  only  330 
ampere-hours  with  a  2- 
hour  discharge  at  165  amperes.  It  would  be  uneconomi- 
cal, of  course,  always  to  discharge  the  cells  in  so  short 
a  time  as  two  hours;  but  they  have  been  specially 
designed  for  withstanding  such  discharges  if  necessary, 
and  are  consequently  suitable  for  central  lighting 
stations. 

The  negative  plates  stand  on  (and  are  connected  by  feet 
jP,  Fy  with)  two  lead  bars  running  along  the  bottom  of  the 
cell,  the  latter  being  joined  at  one  end  to  the  broad  lead  band 


Fig.  263.—"  P  "-type  B.P.S.  Plate, 
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forming  the  negative  terminal  T  — .  This  band  is  riveted 
to  the  end  plate  P,  which,  like  the  plate  at  the  other  end, 
is  made  with  a  solid  outside  backing  to  the  grid.  The 
positive  plates  are  attached  to  two  thick  horizontal  lead 
bars  i,  i,  terminating  in  a  cross-piece  and  terminal  T  +. 
L,  L  rest  on  projections  on  the  upper  edges  of  the  negative 
plates,  but  are  separated  therefrom  by  ebonite  saddles 
E,  K  The  plates  are  prevented  from  touching  one  another 
by  means  of  vertical 
glass  tube  separators, 
of  which  there  are 
three  rows  V.  These 
tubes  stand  in  holes 
bored  in  strips  of 
wood  at  the  bottom 
of  the  cell,  and  the 
two  outer  rows  are 
kept  upright  at  the 
top  by  four  hori- 
zontal tubes,  as  at  H. 

The    "WS''-type 
+  and  —  plates  are 

similar  to,  but  on  a  smaller  scale  than,  those  of  the  "P"- 
type ;  the  **'  honeycomb  "  cells  of  the  —  grid  being  arranged 
vertically  instead  of  horizontally. 

A  33-plate  cell  of  the  "K'*-type  is  given  in  Fig.  265. 
This  pattern  is  suitable  for  medium  discharge  periods  of 
not  less  than  three  and  a  half  hours.  At  this  rate,  the 
33-plate  cell,  which  is  the  largest  stock  size,  will  give  136 
amperes  with  a  capacity  of  476  ampere-hours;  or  80  amperes 
for  seven  hours*  discharge,  i.e.  560  ampere-hours.     The 


Fitj.  204.— 53-piate  ^*  VVS  ^'-type  E.P.B.  CelL 


472 


ELECTRIC  LIGHTING,  ETC.  [chap.  xv. 


negative  plates  stand  on  prolongations  or  feet  at  each 
bottom  corner,  and  are  connected  together  by  two  lead 
strips  resting  on  wooden  strips  at  the  bottom  of  the  cell. 
These  lead  strips  are  joined  by  a  cross-bar  to  the  ter- 
minal lug  which  passes  up  from  the  bottom  of  the  cell,  and 
which  forms  the  negative  terminal  T—.  Thus,  so  far  the 
arrangement  of  the  negative  plates  resembles  that  in  the 
"  WS  "-type.     In  addition,  however,  they  are  united  by 

bands  at  their 
upper  corners. 
The  +  plates 
are  connected 
together  and 
supported  at  the 
top  by  two  thick 
bars;  and  these 
bars  rest  on  in- 
sulating ebonite 
saddle  -  pieces 
placed  on  the 
top  edges  of  the 
negative  plates.  The  two  bars  are  joined  together  by  a 
piece  of  lead  bent  at  an  angle,  and  forming  the  +  terminal 
T  +  o{  the  cell.  The  separators  used  take  the  form  of 
ebonite  forks,  of  which  there  are  three  rows  F,  A  separate 
view  of  one  of  these  forks  is  given  at  F",  The  +  plates 
of  the  "  K  "-type  are  a  replica  of  those  of  the  "  P  "-  and 
**WS"-  types,  only  on  a  still  smaller  scale.  The  —  grid 
has  square  apertures,  as  showu  at  G  in  Fig.  262. 

The  "L"-type  cell  (Fig.  266),  which  was  one  of  the 
earliest  forms  introduced  by  the  E.P.S.   Co.,  is  specially 


Fig.  265.— 33-plate  «  K  "-type  E.P.S.  Cell. 
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adapted  for  low  and  steady  discharges,  and  is  thus  in  much 
favour  for  small  private  lighting  installations ;  the  "  WS  *'- 
or  "  K  ''-type  being  preferable  for  larger  ones,  or  where 
much  motive  power  is  employed. 

As  will  be  seen  in  Fig.  266,  the  negatives  are  held 
together  by  five  lead  bands.     Two  of  these  bands  form 
feet  for  the  "  section,"  and  rest  on  blocks  of  wood  placed 
at  the  bottom  of  the  cell.     Two  other  of  the  bands  join 
the  —  plates  half- 
way up,  front  and 
back ;     and     form 
supports     for    the 
positive         plates, 
which    have    suit- 
able      projections 
on    them,    ebonite 
saddles   being    in- 
terposed. The  fifth 
band    is    the    one 
through  which  con- 
nection is  made  to 
the  next  cell.    The 
+  plates  are  connected  by  two  bands,  both  on  the  top,  one 
at  one  end  and  the  other  near  the  middle  of  the  plates ; 
these  forming  convenient  handles  by  which  the  +  "section  '' 
may  be  lifted  from  the  cell  for  inspection.     The  plates  are 
kept  apart  by  ebonite  forks  similar  to  those  used  in  the 
"K"-type  cells.     The  figure  shows  the  method  of  con- 
necting the  cells  together.     Each  cell  rests  in  a  wooden 
tray  filled  with  sawdust,  and  each  tray  is  supported  by  oil 
insulators  (§  183),  two  of  which  are  shown  at  /,  /. 


Fir.  215^.  —  15-plate  *'  L^'-typt-  KV.S.  Cells. 
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In  the  **  L"-type  cells,  both  +  and  —  plates  are  grids  of 
the  form  shown  in  Fig.  262  D,  the  only  difiference  being 
that  the  positives  are  slightly  thicker  than  the  negatives. 
The  dififerent  sizes  contain  from  7  to  33  plates,  measuring 
about  10  ins.  square,  the  average  capacity  varying  from  130 
ampere-hours  in  the  7-plate  cell,  to  704  in  the  33-plate  one. 

Space  will  permit  of  reference  being  made  only  to  one 


Fig.  267.— Form  of  Grid  in  the  «  FK  "-type  E.P.S.  CeU  (Full  size). 


of  the  many  forms  of  E.P.S.  cell  suitable  for  portative 
work,  this  being  the  Faure-King  or  "FK"  cell  These 
are  specially  designed  for  electric  automobile  work,  and 
were  used  in  the  electric  cabs  with  which  we  were  familiar 
in  London  a  few  years  ago.  They  are  fitted  in  ebonite 
boxes.  Both  +  and  —  plates  are  grids  of  the  peculiar 
form  shown  in  Fig.  267,  each  **ceU"  of  the  "honey- 
comb "  having  a  lead  "  wire  "  protruding  from  each  coiner. 
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The  proportion  of  active  material  and  of  spongy  lead  to  solid 
lead  is  thus  unusually  large,  it  being  necessary,  of  course, 
to  secure  a  high  weight-efficiency  (§  163).  The  +  plates 
are  wrapped  in  envelopes  formed  of  perforated  sheet 
ebonite,  and  ebonite  fork-separators  are  used  as  well.  The 
envelope  effectually  prevents  short-circuiting,  and  helps  to 
hold  the  active  material  in  position.  A  9-plate  cell  is 
shown  in  Fig.  268,  where 
the  perforated  envelopes 
and  the  separators  will  be 
noticed. 

Figs.  262  and  267  show 
the  plates  and  grids  of  the 
various  cells  before  the  paste 
is  inserted.  The  latter  is 
made  of  red  lead  for  the 
positives,  and  of  litharge  for 
the  negatives  (§  159).  After 
a  few  charges  and  discharges 
the  plates  reach  their  work- 
ing condition,  the  paste  on  the 
positives  being  converted  to 
lead  peroxide,  and  that  on 
the  negatives  to  spongy  lead,  the  former  or  both  of  them 
being  often  referred  to  as  the  active  material. 

*166.  The  Chloride  Cells. — These  cells  are  suitable 
for  every  kind  of  work,  from  central  stations  down  to 
motor  cars ;  and  their  construction  is  such  that  they  are 
specially  adapted  to  withstand  heavy  discharges. 

The  positive  plates  belong  to  the  Plante  type,  that 
is   to   say,   the   peroxide  of  lead   or  active  material   on 


Fig.  268.— 9-plate  "FK"-type 
E.P.S.  Cell. 
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them  is  formed  by  electrolysis,  and  not  by  pasting  or  forcing 
the   lead  oxide  into   ridges  or  interstices  in  the  plates. 

The  positive  grids  are 
cast  under  hydraulic  pres- 
sure, with  circular  counter- 
sunk holes  in  them  slightly 
over  three-quarters  of  an 
inch  in  diameter.  In 
these  holes  are  inserted 
tightly-coiled  spirals  of 
gimped  lead  tape,  which, 
after  insertion,  are  me- 
chanically "  riveted  "  into 
the  apertures  by  hydraulic 
pressure,  the  holes  tapering 
slightly  to  each  surface. 
Under  the  subsequent  pro- 
cess of  formation  by  elec- 
trolysis, the  surfaces  of 
these  spirals  become  coated  with  lead  peroxide;  and 
this  causes  them  to  expand  and  key  themselves  still  more 

tightly  into  the  counter- 
sunk holes  in  the  grid ; 
so  tightly,  in  fact,  that 
it     requires    considerable 

Fig.  270.— Separate  Spiral  and  Lead      mechanical  force   to  drive 

them  out.     They  cannot 


w 


Fig.  269.— Portion  of  "Chloride"  + 
Plate  before  Formation  (half -size). 


Tape  used  in  "  Chloride  "  +  Plates. 


possibly  become  detached  in  ordinary  use. 

The  negative  plates  consist  of  lead  grids,  the  "  cells  "  of 
which  are  filled  with  hexagons  of  spongy  lead  of  a  specially 
pure   description.      The   method    of    construction    is   as 
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follows : — Hexagonally-shaped  pastilles  are  cast  from  molten 
chloride  of  lead,  and  these  are  placed  in  regular  order  in 
a  mould.  The  latter  is  then  closed,  and  molten  lead  is 
run  in  under  pneumatic  pressure  to  form  the  frame,  thus 


Fig.  271.— Positive  Plate  of 
a*' Chloride  "Cell. 


Fig.  272.— 15-plate  *' Chloride  "  C  ell. 


completing  the  plate.  Each  pastille  has  two  small  holes 
cast  in  it,  which  in  the  first  instance  are  used  to  hold  it 
in  position  in  the  mould,  and  subsequently  serve  to  pro- 
mote the  circulation  of  the  electrolyte.  The  plates  being 
thus  constructed,  the  chlorine  in  the  pastilles  is  removed 
by  placing  the  plates  in  an  electrolytic  cell  containing  a 
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solution  of  zinc  chloride,  a  sheet  of  zinc  being  fixed  between 
each  pair  of  plate  surfaces.  This  combination  forms 
virtually  a  primary  cell,  and  being  short-circuited,  the 
nascent  hydrogen  which  is  liberated  around  the  plates 
unites  with  the  chlorine,  thus  leaving  only  pure  spongy  or 
porous  lead.  The  descriptive  name  of  the  cells, "  Chloride," 
is  derived  from  the  chemical  employed  in  the  manufacture 
of  the  negative  plates.     In  Fig.  272,  which  shows  an  end 


Fig.  273.— 15-plate  "D.P.  "  Cells. 


plate,  the  hexagonal  lozenges  of  spongy  lead,  and  the  two 
holes  through  each,  can  be  clearly  seen. 

Fig.  269  illustrates  a  piece  of  +  plate  with  the  spirals 
in  position  ready  for  formation;  while  a  separate  spiral, 
with  views  of  the  two  sides  and  edge  of  the  lead  "  tape  " 
of  which  it  is  formed,  are  depicted  in  Fig.  270.  Fig.  271 
shows  a  formed  +  plate,  and  it  should  be  noticed  that  the 
interstices  of  the  spirals  are  completely  filled  up  with  the 
lead  peroxide. 


§  167.] 


D.P.   CELLS. 


479 


The  containing-cells  or  boxes  may  be  either  of  glass  or  of 
wood,  according  to  the  type  and  size.  Both  the  positive 
and  negative  sections  are  suspended  on  stout  sheets  of  glass 
placed  on  end,  and  resting  on  a  paraffined  teak  bearer  at  the 
bottom  of  the  box ;  and  the  separators  between  the  plates 
consist  of  glass  rods.     Fig.  272  illustrates  a  15-plate  cell. 


J 
m 


!««•■■ 


Fig.  274.— "D.P."  +  Plate. 


Fig.  275.— «D. p."  -  Grid. 


167.  The  "  D.P."  CELLS.—These  cells  are  intended  for 
general  stationary  work,  and  their  external  appearance  may 
be  gathered  from  Fig.  273,  which  represents  two  15-plate 
cells  (in  glass  boxes)  connected  together.  The  distinguish- 
ing letters  '*  D.P."  stand  for  Durability  and  Power.  The 
plates  are  spaced  half-an-inch  apart,  with  glass  tube 
separators  interposed,  the  +  and  -  sections  being  bound 
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together  between  flat  lead  end-frames  and  cross-bars  of 
paraffined  teak.  The  complete  section  rests  on  teak 
bearers  at  the  bottom  of  the  containing-cell. 

The  old  form  of  positive  plate  (Fig.  274)  was  built  up  of  a 
number  of  strips  stretched  horizontally,  one  above  the  other, 
between  two  vertical  side-frame  pieces;  and  was  formed 
without  pasting.     The  negative  plate  (Fig.  275)  is  in  the 

form  of  a  grid,  an  enlarged 
view  of  a  portion  of  the 
plate  being  given  in  Fig. 
276.  This  is  filled  in  with 
the  usual  litharge  and  sul- 
phuric acid  paste,  and  the 
spongy  lead  formed  by 
electrolysis. 

The  '*D.P."  cells  are 
made  up  in  a  number  of 
different  sizes,  ranging 
from  3  to  27  plates,  and 
having  a  maximum  capacity 
of  from  60  to  1200  ampere- 
hours  respectively.  The 
plates  measure  about  10  inches  X  9  inches. 

In  the  new  type  of  **D.P."  cell,  the  +  plates  are  of 
different  and  stronger  construction.  Each  plate  is  solid  in 
the  centre,  with  ridges  running  diagonally  across  the  sur- 
faces, the  direction  of  the  ridges  on  one  side  being  opposite 
to  that  of  those  on  the  other,  so  that  considerable  strength 
is  opposed  to  buckling.  The  plates  are  then  formed  by 
the  Plante  process.  Fig.  277  shows  one  of  these  new  plates, 
and  it  should  be  noted  that  the  lugs  on  each  side  are  so 


Fig.  276.— Portion  of  "  D.P.' 
Grid  (Enlarged). 
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shaped  as  to  allow  of  the  plate  being  supported  by  the  sides 
of  the  containing  vessel.  Yet  another  new  form  of  +  plate 
has  been  introduced  for  heavy  charge  and  discharge  work. 
This  somewhat  resembles  that  in  Fig.  277,  except  that  the 
ridges  run  horizontally. 


Fig.  277.— New  "D.P.  "  +  Plate. 


168.  The  Tudor  Cells. — Fig.  278  shows  a  positive 
plate  of  this  type  of  cell,  the  plate  being  solid  in  the  centre, 
with  a  large  number  of  thin  vertical  ribs  on  each  side, 
these  being  strengthened  at  intervals  by  horizontal  ribs. 
The  whole  thickness  of  the  plate  is  half-an-inch,  and  the 
total  surface  given  by  the  ribbed  formation  is  about  ten 

1 1 
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times  that  of  a  smooth  plate  of  the  same  size.     The  plates 

are  formed  by  the 
Plants  process, 
plenty  of  time 
being  given  to  the 
formation,  so  that 
the  film  of  active 
material  eventually 
created  is  regular 
and  adherent.  The 
electrolyte  consists 
of  a  plain  solution 
of  sulphuric  acid, 
without  tlie  ad- 
dition of  any  corro- 
sive acid  or  salt 
such  as  some  makers 
employ.  The  nega- 
tive plates  are  of 
the  grid  type,  the 
form  of  the  grid 
being  shown  in  Fig. 
279. 

Fig.  280  illus- 
trates the  method 
of  mounting  the 
smaller  sizes  of  cell ; 
the  larger  being 
fitted  in  lead-lined 
wooden  boxes.     In 


Fig.  278.— Tudor  +  Plate. 


^i-WV4>4>4! 


Fig.  279.— Portion  of  Tudor  Grid  (J  size). 


the  case  of  glass  cells,  as  in  the  illustration,  the  plates  are 
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Fig.  280.— Three  Tudor  Cells. 


suspended  from  the  sides  by  means  of  the  lugs  seen  in 
Fig.    278.      When   wood 
boxes  are  used,  sheets  of 
glass  are  stood  on  end  to 
support  the  plates.    Glass 
tube  separators  are  em- 
ployed, these  being  held 
upright   by    fingers   cast 
on  the  lugs  of  the  nega- 
tive plates.     As  will  be 
noticed,  plenty  of  space 
is  left  at  the  bottom  of 
the  cells  forthe  accumula- 
tion of  deposit ;  this  space 
being  4  inches  deep  in  the  case  of  the  smaller  cells,  and 
no  less  than  8  inches  in  the 
larger  sizes.     The  cells  rest 
on  glass  oil  insulators,  with 
a  disc  of  sheet  lead  inter- 
posed to  prevent  breakage. 
The  makers  do  not  consider 
the  sawdust  trays  used  with 
some  cells  (as  in  Fig.  266) 
to  be  necessary. 

169.  The  Marquand 
Cells. — The  plates  of  these 
cells  are  formed  in  quite  a 
diflferent  way  from  those 
hitherto  described.  A  cast 
plate  of  large  surface  is  placed  in  an  iron  box  or  frame,  and 
after  powdered  sulphur  has  been  spread  over  each  side 


Fig.  281. — Portion  of  Marquand 
Plate  magnified. 
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of  the  plate,  the  box  is  closed  up,  and  heated  to  a  certain 
temperature  in  a  specially-designed  gas-oven.     As  a  result 


Fig.  282.— Marquand  CeU. 

of  this,  the  sulphur  combines  with  the  lead  to  form  lead 
sulphide.  The  plates  are  then  subjected  to  a  charge  in 
dilute  sulphuric  acid,  and  formed  into  positives  or  negatives 
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as  desired,  the  sulphur  being  reduced,  and  the  lead  left 
ready  for  peroxidation,  or  in  the  spongy  state. 

As  will  be  seen  from  Fig.  281, 
which  shows  a  small  portion  of 
a  plate  magnified  to  four  times 
the  actual  size,  the  surface 
obtained  by  the  above  process 
is  very  extended  ;  and  the  plate 
is  thus  suitable  for  high  charge 
and  discharge  rates,  the  E.M.F. 
being  well  maintained  with  the 
largest  currents. 

Another  important  feature 
is  that,  owing  to  the  special 
formation  process,  the  active 
material  is  in  very  intimate  con- 
tact with  the  lead  backing  of 
the  plate,  with  the  result  that 
disintegration  and  deposit  are  reduced  to  a  minimum. 

There  is  a  difference  of  100 
ampere-hours  capacity  between 
any  two  consecutive  sizes  of 
cell,  the  sizes  ranging  from  100 
ampere-hours  upwards.  The 
smallest  cell  has  the  following 
capacities  at  the  different  rates 
of  discharge : — 

100  amp.-hours.  (10  hrs.  @  10  amps.)' 
90     „         „         (6    „        15     „      ) 
75     „         „         (3    „        25     „     )■ 
50     „         „         (1    „        50     „     ) 


Fig.  283.— Monobloc  +  Section. 


Fig.  284.— Monobloc  +  Section 
(Plan). 


When 
discharged 
to  1*8  volts. 
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Fig.  282  gives  a  good  idea  of  the  general  appearance  of 
this  make  of  accumulator. 

170.  The  Monobloc  Cells. — When  accumulators  are 
used  for  traction,  launch,  and  kindred  work,  the  chief 
things  which  act  against  them  are : — firstly,  vibration,  which 
in  time  loosens  and  dislodges  the  active  material  in  pasted 


Fig.  285. — Monobloc  +  and  -  Sections 
together. 


Fig.  286.— Monobloc  -  Section. 


plates  of  most  kinds ;  secondly,  buckling  and  distortion  of 
the  plates ;  and  thirdly,  breaking  of  the  plates  and  con- 
nections from  jolting.  It  is  claimed  that  all  these  draw- 
backs have  been  overcome  in  the  type  of  cell  about  to  be 
described  ;  which,  as  will  be  evident  from  the  illustrations, 
is  essentially  different  in  construction  from  other  cells. 

Fig.  283  shows  the  positive  section,  or  rather  block,  this 
being  built  up  of  punched  corrugated  sheets  of  lead  piled 
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one  on  the  other  on  a  lead  stand  till  the  stack  is  of  the 
requisite  height;  the  sheets  being  "lead-burned"  together 
and  to  the  stand,  at  the  corners ;  as  well  as  to  the  terminal 
lug  on  the  left.  A  plan  of  this  block,  showing  the  wave- 
formation  of  the  sheets,  is  given  in  Fig.  284. 
The  receptacles  formed  by  the  perforations 
in  the  sheets  are  occupied  by  the  rods  of  the 
negative  element  (Fig.  286),  a  complete 
set  being  shown  in  Fig.  285. 

The  positive  block,  when  built  up  as 
just  described,  is  "formed"  by  a  special 
variation  of  the  Plants  process,  which  results 
in  a  dense  and  closely-adherent  coating  of 
lead  peroxide.  As  the  result  of  this  "  form- 
ation," the  block  is  found  to  resist  well 
the  combined  disintegrating  effects  of  rapid 
discharges  and  vibration.  It  will  be  evident 
that  the  electrolyte  has  very  free  circulation 
throughout  the  cell.  The  negative  rods  or 
pencils  (Fig.  286)  are  wrapped  in  perforated 
celluloid  sleeves  to  prevent  contact  with  the 
positive  block ;  some  of  these  sleeves  being 
removed  in  the  ficjure.     The  rods  are  con- 

Via     287 

structed  as  follows: — Hollow  pellets  of  some  section  of  Mono- 
lead  compound  (such  as  lead  chloride)  are  bloc  -  Rod  (half- 
cast  in  the  shape  shown  at  P,  P  in  Fig- 
287 ;  and  these  are  placed  one  above  the  other  in  a  mould, 
which  holds  them  slightly  apart.  Molten  lead  is  then  run 
in  to  form  the  supporting  rod  L,L,  and  the  washer-like 
flange  pieces,  W,  W,  W.  The  pellets  are  then  reduced 
by  a  special  process  to  spongy  lead. 


-I-P 


?3-W 
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There  are  twenty-eight  listed  sizes  of  these  cells.  These 
vary,  in  capacity,  from  33  to  800  ampere-hours,  with  maxi- 
mum discharges  of  from  18  to  620  amperes;  in  outside 
dimensions,  (ebonite  containing-box)  from  3|  in.  x  3|  in. 
X  9J  in.  to  26|  in.  X  lOJ  in.  x  14  in.;  and  in  weight — 
including  acid— from  10  to  300  lbs. 

*171.  Pkivate  Generating  Installations.— Numer- 
ous large  buildings  and  private  residences  are  fitted  wi4h 
their  own  generating  plant,  eras  the  technical  man  would  say, 
they  have  their  private  plant  or  private  installation.   Such 

*'plant,"   by 

).  which       rather 

e    -4=~      N.  expressive  term 

^ —^ —  -^-         ^"""1 1 —    is    meant    any 

;§  (©D         Tb         6  (^L  f^f^'''\.    «f 

o    yt^                    I                    T     T  nxed  machmery, 

^           V  -sjs-       y/""""^ —  nearly      always 

\^  "J"     y/^  comprises     one 

^     «o«     ^.           i,  .     1  T^              ^  or  more  engines 

Fig.  288. — Diagram  of  simple  Dynamo  and  j         j 

Accumulator  Arrangement.  and        dynamos, 

and  a  battery  of 
*'  accumulators  "  or  secondary  cells.  Gas-engines  are  gener- 
ally used  when  it  is  possible  to  do  so,  i.  e,  when  gas  is  avail- 
able ;  and  turbines  when  a  constant  supply  of  water  is  to 
be  had.     Otherwise,  oil  or  steam-engines  are  employed. 

Fig.  288  shows,  in  a  very  elementary  manner,  the  way  in 
which  the  shunt  dynamo  D,  battery  B^  and  lamps  or  other 
appliances  L,  are  interconnected.  When  D  is  charging 
B  it  also  supplies  whatever  current  is  wanted  by  L.  When 
B  is  switched  oflf  at  /9,  L  derives  current  from  B  alone. 
In  practice,  of  course,  various  regulating  and  other  devices 
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have  to  be  included   in  the  circuit,  as    is   explained   in 
§§  176  and  177. 

172.  Arranging  an  Installation. — In  arranging  a 
private  installation,  the  capacity  of  the  battery  must  first 
be  worked  out,  and  afterwards  that  of  the  dynamo  and 
engine.  This  is  not  quite  such  an  easy  matter  as  might 
at  first  appear.  There  are  several  points  to  be  considered, 
which  may  be  set  out  in  order  somewhat  as  follows  : — 

(a)  Distribution  pressure  and  number  of  cells. 

(b)  Largest  current  ever  required. 
(e)  Average  daily  maximum  current. 

(d)  Average  daily  consumption  in  watt-hours. 
{e)  No.  of  hours  per  day  available  for  charging. 
(/)  Whether  charging  will  be  going  on  at  the  times  of 
greatest  demand  or  not. 

173.  Number  of  Cells  required. — The  number  of  cells 
depends  upon  the  pressure  adopted,  there  being,  roughly 
speaking,  half  as  many  cells  as  volts  on  the  circuit ;  each 
cell,  it  will  be  remembered,  giving  about  2  volts.  For  a 
given  output  in  watts  at,  say,  200  volts,  the  cells  would 
have  to  be  twice  as  numerous  as,  though  only  half  the  size 
of,  those  necessary  were  the  pressure  100  volts.  Generally 
speaking,  the  less  the  number  of  individual  cells,  the 
better.  For  very  small  installations,  a  distribution  pres- 
sure of  50  volts  might  be  employed ;  100  volts  being  the 
usual  pressure  for  installations  of  average  size.  It  is  only 
in  the  case  of  very  large  buildings,  where  the  cost  of  wiring 
is  a  serious  item,  that  pressures  of  200  volts  or  so  would  be 
considered  necessary. 

As  explained  in  §  161,  the  E.M.F.  per  cell  starts  at 
about  2*2  volts,  and  gradually  falls  during  discharge  to 


490  ELECTRIC  LIGHTING,  ETC.  [chap.  xv. 

1*85  volts.  It  is  thus  necessary  to  have  spare  cells  in 
every  battery,  so  that  the  P.l).  between  the  leads  may  be 
kept  up  by  means  of  a  regulating-switch. 

The  least  total  number  of  cells  for  any  supply  pressure, 
may  be  got  by  dividing  the  pressure  by  the  minimum 
P.D.  per  cell,  ie.  1'85  volts.  The  numbers  for  the 
ordinary  supply  voltages  are  then  as  follows: — 

PressSle  }^^  ^^^^^-       ^^^  '^^^^^'       ^^^  ^^^*^-       ^*^  ^^^*^^' 
Least  no.l 
of  cells. 


g^l      27  54  108  130 


The  above  are  the  minimum  numbers  of  cells  that  can 
be  used  with  any  given  pressure,  and  these  will  only  suffice 
when  the  lamps,  etc.,  are  close  up  to  the  battery.  In  the 
case  of  a  country  mansion,  for  example,  where  the  engine- 
and  battery-rooms  are  usually  some  distance  away  from 
the  house,  and  the  lamp  circuits  are  long,  there  will 
be  an  appreciable  drop  of  pressure  in  the  mains  from  the 
cells  to  the  distribution -board,  and  from  the  latter  to 
the  lamps.  In  such  cases,  3  cells  extra  should  be  allowed 
for  every  5  volts  drop,  or  say  1  cell  for  every  1|  volts 
drop.  Then,  further,  an  extra  cell  or  two  is  generally  added 
to  provide  for  the  event  of  a  cell  being  incapacitated,  and 
having  to  be  cut  out  of  the  battery  for  repair. 

In  large  installations  it  is  a  frequent  practice  to  have 
two  batteries  connected  in  parallel,  as  the  cells  are  then 
less  unwieldy.  Another  advantage  of  this  arrangement 
is,  that  one  of  the  batteries  may  be  cut  out  altogether  for 
cleaning  or  repairs,  without  any  interruption  of  the  supply. 
This  can  only  be  done  at  times  of  light  load,  however, 
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such  as  during  the  summer  months,  unless  the  dynamo  be 
kept  running  continuously  to  supplement  the  other  battery. 

174.  Capacity  of  Cells. — Each  size  of  cell  has  a  certain 
maximum  discharge  rate  which  must  never  be  exceeded, 
and  a  careful  approximation  must  be  made  as  to  the 
maximum  current  that  will  ever  be  required.  The  cells 
must  be  of  such  a  size  as  to  be  able  to  furnish  such 
current,  unless  at  times  of  heavy  load  the  dynamo  can  be 
worked  in  conjunction  with  the  cells.  A  more  precise 
way  of  putting  the  matter  is  to  say  that  the  size  of  the 
cells  is  governed  by  the  largest  current  they  will  ever  have 
to  furnish  without  the  help  of  the  dynamo,  as  well  as  by 
the  average  rate  and  duration  of  discharge. 

When  the  dynamo  is  working  with  the  cells,  the  former 
supplies  most  of  the  outer  circuit  current;  the  battery  acting 
as  a  **  pressure-steadier,"  and  receiving  a  charging  current 
meanwhile.  If  the  dynamo  is  kept  on  after  the  cells  have 
been  fully  charged,  then  the  latter  help  to  supply  the  lamps. 
If  the  dynamo  can  always  be  kept  running  while  the 
majority  of  the  lamps  are  on,  the  capacity  of  the  battery 
need  only  be  comparatively  small.  Very  often,  however, 
the  charging  is  done  in  the  day-time,  the  battery  having 
to  run  all  the  lamps,  etc.,  at  night-time  unaided.  Then 
the  capacity  of  the  battery  must  be  comparatively  large. 

In  estimating  the  maximum  current  ever  required 
under  ordinary  conditions,  it  should  be  remembered  that 
only  a  portion  of  the  total  number  of  lamps  will  ever  be 
alight  at  once.  The  proportion  differs  according  to  the 
class  of  building.  In  a  works  or  factory,  most  of  the 
lights  would  be  "  on  "  during  working-hours.  In  a  bank  or 
block  of  offices,  perhaps  from  nine-tenths  to  three-fourths 
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of  the  lights  may  be  burning  at  once.  In  a  dwelling- 
house,  probably  only  about  half  the  lights  would  ever  be 
required  at  one  and  the  same  time.  If  there  are  motors 
and  heaters,  account  must  be  taken  as  to  whether  they 
will  usually  be  run  in  the  day-time  or  at  night-time ;  i.  e.. 
at  a  diflferent  or  at  the  same  time  as  the  lamps.  In  com- 
puting the  current  for  glow  lamps,  it  is  best  to  assume  an 
outside  efficiency  of  4  watts  per  candle,  rather  than  the 
often  imaginary  one  of  3|  or  3  watts,  it  being  remembered 
that  the  current  taken  by  lamps  increases  as  they  grow 
older  (Chap.  I.).  With  regard  to  motors,  only  the  normal 
running  current  need  be  considered,  not  the  starting 
current  (§  114).  Needless  to  say,  this  rough  calculation 
must  be  worked  out  for  winter  conditions,  when  there 
are  the  greatest  number  of  dark  hours  in  the  twenty-four- 
To  cope  with  any  very  exceptional  demand,  the  dynamo 
can  be  run  to  help  the  battery. 

It  is  better  for  the  battery  to  have  too  large  than  too 
small  a  capacity.  In  the  first  case,  the  hours  of  charging 
can  always  be  curtailed  if  there  is  not  much  drain  on  the 
cells.  In. the  second,  the  charging  hours  may  have  to  be 
inconveniently  prolonged  in  order  to  keep  the  battery  in 
proper  condition.  The  subject  of  capacity  is  further  dealt 
with  in  §  186. 

175.  Size  and  Type  of  Dynamo.— The  P.D.  of  the 
dynamo  must  be  at  least  2*5  volts  for  every  cell  in 
series  in  the  battery.  Thus,  taking  the  different  pressures 
given  in  §  173,  and  adding  1,  2,  3  and  4  cells  respectively, 
to  compensate  for  drop  of  pressure  and  for  ''spares," 
the  minimum  dynamo  P.Ds.  would  have  to  be  as 
follows  : — 
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?rem!re    j^^  ^^^^s.      100  volts.       200  volts.      240  volts. 

M.  of       |28  (1  cell     56  (2  cells     111  (3  cells    134  (4  cells 
Cells.        J    extra)  extra)  extra)  extra) 

Dynamo    V70  volts.      140  volts.      278  volts.      335  volts. 
RR        J 

It  does  not  matter  if  the  dynamo  P.D.  somewhat  ex- 
ceed these  figures;  such  indeed  had  better  be  the  case, 
so  as  to  be  on  the  safe  side.  The  minimum  current  to 
be  given  by  the  machine,  if  it  is  simply  to  be  used  in 
charging  the  battery,  would  be  equal  to  the  maximum 
charging  current  that  could  be  taken  by  the  cells.  If,  on 
the  other  hand,  it  will  be  required  to  charge  the  cells  and 
supply  current  to  the  outside  circuit  at  the  same  time,  the 
extra  current  must  be  carefully  approximated  and  taken 
into  account. 

Having  thus  got  the  P.D.  and  maximum  current 
required  from  the  dynamo,  the  product  of  these  will  give 
its  electrical  output  in  watts.  Reducing  this  to  horse-power 
and  dividing  by  the  commercial  efficiency  of  the  machine 
will  give  us  the  power  required  from  the  engine.  The 
latter,  however,  should  be  rated  a  little  higher  than  this, 
to  make  up  for  the  loss  in  belting,  and  so  as  to  have  spare 
power  in  hand  to  compensate  for  any  lessening  in  efficiency 
on  the  part  of  the  engine. 

For  reasons  given  in  §  7,  a  battery-charging  dynamo 
must  either  be  shunt- wound  or  else  separately  excited  ;  and 
it  is  also  sometimes  of  advantage  to  use  a  4-pole  or  multi- 
polar machine,  as  the  speed  of  such  is  generally  less  than 
that  of  2-pole  dynamos,  and  they  take  up  less  floor-space* 
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On  the  other  hapd,  there  is  the  multiplication  of  brushes 
to  be  considered,  4-  and  6-pole  machines  being  seldom  con- 
nected now-a-days  for  two  sets  of  brushes,  as  was  formerly 
the  case.  Besides  the  lessened  wear  and  tear  of  bearings 
and  commutator,  another  advantage  of  slow-speed  machines 
is  that  they  can  sometimes  be  coupled  direct  to  their 
engines;  and  belting,  with  its  attendant  loss  of  power, 
dispensed  with.  A  Crossley  gas-engine,  with  an  8-pole 
dynamo  coupled  direct  to  it,  is  illustrated  in  Chap.  IX, 

In  large  installations  it  is  best  to  have  two  or  more 
dynamos,  each  with  their  separate  engine;  and  in  some 
cases  it  would  be  thought  necessary  to  put  down  a  spare 
generating  set.  By  having  separate  and  spare  dynamos, 
the  chance  of  total  breakdown  is  avoided  ;  and  it  is  possible 
to  effect  repairs  to  any  one  set,  while  the  other  or  others 
are  charging  the  accumulators. 

*176.  Private  Generating  Installation. — The  in- 
terconnection of  dynamos  and  accumulators,  and  of  the 
switching  and  regulating  apparatus  used  therewith,  may 
be  effected  in  a  variety  of  ways,  which  depend  upon  the 
size  and  character  of  the  installation. 

Fig.  289  shows  the  simplest  possible  diagram  of  connec- 
tions. Here  By  is  the  dynamo,  F  its  field  coil,  and  R  a 
shunt-regulating  resistance  by  means  of  which  the  E.M.F. 
of  the  machine  may  be  adjusted  as  required.  R  should 
have  a  stop  S  to  prevent  the  field-circuit  being  broken. 
B,  B  represents  the  battery,  with  the  middle  cells  left 
out  to  simplify  the  figure.  Those  at  the  left-hand  end 
are  connected  to  multiple-way  charge  and  discharge 
switches  G  and  D,  the  former  being  joined-up  with  one 
pole  of  the  dynamo,  and  the  latter  with  one  of  the  mains 
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Via.  289.— Simple  Dynamo-AocamuUttor  Installation. 
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running  to  the  distribution-board  D  B,  A  \s  an  ammeter 
permanently  connected  on  one  side  with  the  dynamo, 
and  on  the  other  with  the  service  mains,  and  through 
a  2-way  switch  T  S  with  the  right-hand  end  of  the 
battery.  When  this  switch  is  on  the  bottom  contact,  A 
indicates  the  current  from  the  dynamo;  while  if  it  be  on 
the  top  contact,  A  shows  the  current  passing  to  the  lamps, 
etc.  The  two  "  ways  "  or  contacts  of  the  switch  are  pur- 
posely put  close  together,  so  that  the  battery  circuit  shall 
not  be  broken  in  moving  the  lever  from  one  to  the 
other.  The  current  from  the  dynamo  is  controlled  by 
a  double-pole  switch  and  fuse  s,i  DPS  and  DPF; 
and  similar  appliances  are  placed  at  the  point  where 
the  service  cables  branch  off  to  the  main  distribution- 
board  D  B.  The  voltmeter  V  is  peimanently  connected 
to  the  ammeter  end  of  the  circuit,  and  through  a  2- 
way  switch  with  either  the  charge  or  discharge  side  of 
the  battery.  In  the  first  case  it  indicates  the  P.D.  at  or 
near  the  terminals  of  the  dynamo,  and  in  the  second  the 
P.D.  at  the  terminals  of  the  supply  circuit.  A'  is  an 
automatic  switch  which  closes  the  circuit  when  the  dynamo 
P.D.  rises  sufficiently  above  that  of  the  battery ;  and 
breaks  it  if  from  any  cause  the  generator  P.D.  should 
fall  below  that  of  the  battery.  Apparatus  for  this  and 
kindred  purposes  are  described  in  Chap.  II. 

As  the  end  cells  become  charged,  or  as  the  P.D.  of  the 
battery  rises,  the  cells  under  charge  may  be  cut  out  one  by 
one  by  means  of  the  switch  G»  D  is  for  the  purpose  of 
regulating  the  pressure  at  the  distribution-board,  fewest 
cells  being  in  circuit  when  the  dynamo  is  charging  the 
battery,  or  when  the  latter  is  fully  charged  :  and  extra  cells 
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being  switched  in  as  the  P.D.  of  the  battery  falls  during 
discharge. 

The  number  of  contacts  on  the  switches  Cand  B,  and 
the  number  of  cells  between  each  pair  of  contacts,  depends 
upon  the  pressure  employed,  and  the  number  of  extra  cells 
in  the  battery.  The  switch  contacts  usually  number  4, 
6,  8,  or  10  ;  and  1,  2,  3  or  more  cells  may  be  connected 
between  neighbouring  contacts.  In  Fig.  289  there  is  one 
cell  between  each  step,  but  in  Fig.  290  there  are  two. 

In  a  50-volt  installation,  or  in  a  small  lOO-volt  one,  1 
cell  between  each  contact  of  4-way  switches  should  suffice. 
With  a  fairly  large  100- volt  installation,  or  in  the  case  of 
a  200- volt  one,  the  number  of  contacts  or  "steps*'  on  the 
switches  must  be  increased,  and  2  or  even  3  cells  con- 
nected between  each  pair.  It  is  better,  however,  to  keep 
the  number  of  cells  between  each  contact  down  to  2  or 
3  at  the  most,  as  this  enables  better  and  less  jerky  regu- 
lation of  the  pressure  to  be  effected. 

177.  Private  Generating  Installation  (continued), 
— Fig.  290  gives  a  more  elaborate  circuit  diagram  in  which 
everything  that  would  be  necessary  in  an  installation  of 
average  size  is  included.  Here  Dy  is  the  dynamo 
with  its  field  coil  Fy  and  shunt-regulating  rheostat  B 
The  leads  from  the  dynamo  pass  through  a  double-pole 
switch  and  fuse  DPS  and  D  F  F.  On  the  -|-  side,  say, 
the  main  from  the  dynamo  passes  through  the  bottom 
contact  of  the  2-way  switch  T  W  S,  and  the  automatic 
cut-in  and  cut-out  -4,  to  the  charge  switch  C;  while  the  — 
main  runs  to  the  battery  and  the  main  distribution-board 
M  D  B,  the  cables  leading  to  the  latter  being  controlled 
by  a  second  double-pole  switch  and  fuse,  DP  S,DP F, 
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The  circuit  at  the  negative  end  of  the  battery,  before  it 
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Fig.  290. — Dynamo-Accumulator  Installation. 

joins  the  mains  from  the  dynamo  and  distribution-board, 
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has  connected  in  it  a  single-pole  switch  S,  and  fuse  F,  am- 
meter A^,  and  current-direction  indicator  CD.  S enables 
the  battery  to  be  disconnected  altogether  at  that  end,  ^  is  a 
safeguard  against  over-charging  or  -discharging,  Aj^  shows 
the  actual  current  passing,  and  CD  whether  the  battery  is 
charging  or  discharging.  F  may  be  replaced  by  an  excess- 
current  alarm,  a  form  of  which  is  illustrated  and  described 
in  Chap.  II. ;  and  CD  maybe  dispensed  with  if  the  needle 
of  Ai  have  its  zero  in  the  centre  of  the  scale,  and  move  to 
either  side  according  to  the  direction  of  the  current. 
A^  may  be  put  in  or  out  of  circuit  by 
means  of  the  short-circuiting  plug  p, 
or  a  switch  may  be  used  instead. 
The  other  two  ammeters,  A^  and  A^, 
indicate  the  current  in  the  dynamo 
and  supply  circuits  respectively ;  and 
they  may  be  thrown  in  or  out  of 
circuit  by  means  of  the  adjacent 
switches.  D  is  the  discharge  switch, 
which  is  connected  through  a  2-way 
switch  T  W  S'  with  the  supply 
circuit.  By  means  of  T  W8  and  T  ^/S",  (7  and  -D  and  the 
battery  may  be  entirely  disconnected,  and  the  dynamo 
made  to  supply  the  demand  by  itself.  This  is  useful 
when  the  cells  need  seeing  to,  and  the  supply  cannot  be 
stopped  altogether. 

The  voltmeter  V,  by  means  of  the  2-way  switch  at  its 
side,  may  be  joined-up  to  either  the  dynamo  or  the  supply 
side  of  the  battery ;  while  V^  is  connected  straight  to  the 
bus-bars  of  the  main  distribution-board,  and  so  indicates 
the  pressure   close  to  the  lamps,  etc.      V^  is  generally 
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left  always  in  circuit,  so  that  any  variation  of  pressure 
may  be  immediately  noted,  and  compensated  for  by 
means  of  D. 

5  JS  is  a  starting  resistance  for  use  when  the  dynamo  is 
belted  to  a  gas-engine,  and  the  accumulators  are  employed 
to  start  the  latter,  by  temporarily  "motoring"  it(§  182). 

When  two  batteries  in  parallel  are  employed,  the 
connection  of  the  cells  to  the  charge  and  discharge 
switches  would  be  as  in  Fig.  291,  where  (7,  G  are  a  few 
of  the  contacts  of  the  switches. 

Sir  David  Salomons  has  designed  very  ingenious  self- 
acting  apparatus  for  regulating  the  charging  of  the  battery 
and  the  pressure  at  the  lamps ;  but  such  would  be  too 
expensive,  and  probably  also  too  complicated,  for  ordinary 
use. 

Supposing  there  were  two  or  more  dynamos  instead  of 
one,  these  would  each  be  connected  through  separate 
D.P.  switches,  fuses,  and  ammeters  to  the  circuit  at  J,  J. 

Very  large  private  installations  partake  of  the  character 
of  small  central  stations,  and  use  is  sometimes  made  of  a 
battery-charging  booster,  as  explained  in  §  181. 

*178.  Charge  and  Discharge  Switches,  or  Battery 
Regulators. — A  5-way  S.P.  switch  for  this  purpose 
was  illustrated  and  described  in  Chap.  II.  In  that  form 
it  will  be  observed  that  the  gap  between  the  contacts  is 
greater  than  the  width  of  the  switch  arm.  This  is  neces- 
sary to  prevent  the  short-circuiting  of  a  cell  or  cells  in 
changing  from  one  contact  to  another;  but  as  a  conse- 
quence, there  is  a  momentary  blink  in  the  lights  at  the 
moment  of  switching  cells  in  or  out  on  the  discharge  side 
unless   the   switch  is   manipulated  very  quickly  indeed. 
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There  is  also  a  certain  amount  of  sparkwear  when 
the  switch  is  moved.  To  do  away  with  both  blinking  and 
sparkwear,  some  such  arrangement  as  that  illustrated  in 
Fig.  292  is  adopted ;  the  apparatus  therein  shown  being  a 
6-way  combined  charge  and  discharge  switch.  Fixed  on 
the  side  of  the  main  contact  arm,  but  insulated  there- 
from, is  an  auxiliary  contact  A,  electrically  connected  with 
the  main  contact  by  a  short  coil  W  oi  high-resistance  wire. 


Fig.  292. — Radial- type  Accumulator  Switches. 

The  distance  between  the  contact  studs  C,  C,  etc.,  is  such 
that,  in  moving  the  switch  arm  from  one  to  the  other, 
the  circuit  is  never  actually  broken ;  the  cell  or  cells  be- 
tween two  adjacent  contacts  being  momentarily  "  shorted '' 
through  the  wire  W,  Such  does  not  amount  to  an  actual 
short-circuit;  and  if  the  switch  arm  should  be  left  in  the 
intermediate  position,  W  would  speedily  heat  up  and 
fuse  before  much  damage  could  be  done  to  the  cell. 
A  good  point  about  this  switch  is  that  the  circuit  is  com- 
pleted across  the  rubbing  contact  R,  and  not  through  the 
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spindle  and  its  sleeve,  as  in  some  patterns.  The  objection  to 
the  latter  arrangement  is  that  the  contact  is  not  very  good, 
and  that  it  cannot  be  easily  got  at  for  cleaning  purposes. 

Another  form  of  radial  accumulator  switch  is  shown  on 
the   switchboard  in  Fig.  295,  and  in  this  also  it  will  be 
seen  that  the  switch  spindle  does  not  form  part  of  the 
circuit. 

Fig.  293  depicts  a  "  straight  "-type  of 
accumulator  switch,  or  battery  regulator  as 
it  is  otherwise  termed.  The  cells  are  con- 
nected up  to  the  contact  blocks  B,  B,  B,  etc., 
and  in  front  of  these  is  mounted  a  circuit 
bar  G,  which  is  connected  up  to  the  charging 
or  discharging  circuit  as  the  case  may  be. 
Contact  between  any  block  B  and  the  bar 
G  is  made  by  a  double  brush  i>,  the  holder 
H  of  which  slides  on  and  is  moved  up  or 
down  a  rack-rod  R,  by  means  of  a  hand- 
wheel  and  pinion  H'  carried  by  H,  This  form 
enables  a  large  number  of  contacts  to  be 
compactly  arranged. 

A  battery  regulator  has  been  devised  in 
which  the  short-circuiting  resistance  is  quite 
separate  from  the  switch,  and  thus  may  be 
made  of  any  required  value  without  rendering  the  switch 
unwieldy.  The  reader  should  exercise  his  ingenuity  in 
sketching  out  such  a  switch  for  himself. 

Sometimes,  after  a  regulating  switch  has  been  fixed,  it 
is  found  that  there  are  not  a  sufficient  number  of  "  stops  " 
for  efficient  regulation  on  the  discharge  side.  A  second 
switch  may  then  be  joined  up  in  series  with  th6  first,  in 


Fig.  293.  — 
"  Straight  "  -  type 
Battery  Regulator 

(Moy). 
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the  manner  indicated  in  Fig.  294;  the  last  "  stop  "  S  of  the 
first  switch  being  connected  to  the  contact  lever  of  the 
second.  The  cells  are  then  rearranged  as  required 
between  the  increased  number  of  "  stops." 

179.  Accumulator  Switchboards. — Switchboards  for 
private  installations  with  accumulators  naturally  vary  very 
much  in  design  and  arrangement. 

A  simple  form  of  such  is  illustrated  in  Fig.  295.  The 
dynamo  is  connected  through  the  D.P.  switch  and  fuses  in 
the  left-hand  bottom  corner,  the  +  lead  passing  up  to  the 
left-hand  ammeter,  then  to  the  S.P.  fuse  on  the  left- 
hand     side     of     the 

2-way  switch,  whence        O  O  O 

the  current  is  led 
through  the  auto- 
matic cut-in  and  cut- 
out in  the  centre  of 
the  board,  to  the 
charging  switch  on 
the  left.  A  branch  connection  from  the  S.P.  fuse  is  taken 
to  the  left-hand  contact  of  the  2-way  switch,  the  right-hand 
contact  being  connected  through  the  right-hand  ammeter 
with  the  discharging  switch  on  the  right.  The  2-way  switch- 
arm  is  joined  up  to  one  of  the  poles  of  the  D.P.  switch  and 
fuse  on  the  right,  to  which  the  lamp  leads  are  connected. 
One  end  of  the  battery  is  connected  to  the  regulator  switches, 
and  the  other  to  the  S.P.  fuse  on  the  right  of  the  2-way 
switch ;  the  other  terminal  of  this  fuse  being  connected  to 
the  —  side  of  the  D.P.  dynamo  switch,  and  also  to  the  other 
terminal  of  the  D.P.  lighting  switch.  The  ammeters,  it  will 
be  observed,  have  short-circuiting  plugs,  and  the  volt-meter 


To  Supply  Circuit 

Fig.  294.— Accumulator  Switches  in  Series. 
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in  the  centre  has  a  switch  which  enables  it  to  be  connected 
to  the  dynamo,  battery,  or  supply  circuit  at  will. 
This  arrangement  is  slightly  different  from  that  in  Fig. 
289.  Thus  there  are  two  ammeters,  one  in  the  dynamo 
and  the  other  in  the  discharging  circuit,  and  a  S.P.  fuse 


Fig.  295. — Accumulator  Switch-board  (Spagnoletti  &  Co.). 


takes  the  place  of  TS  in  Fig.  289,  while  another  is  con- 
nected in  series  with  the  automatic  cut-in  and  cut-out. 
The  2-way  switch  in  Fig.  295  occupies  much  the  same 
position  SiS  T TVS'  in  Fig.  290. 

180.  Regulating-Cells. — Unless  it  should  happen, 
which  is  only  now  and  then  the  case,  that  the  charge 
and  discharge  switches  of  the  accumulator  regulator  are 
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on  corresponding  contacts,  one  or  more  cells  have  to 
carry  the  current  passing  to  the  supply  circuit  as  well 
as  that  used  in  charging  the  battery ;  and  this  excessive 
current  is  detrimental  to  them.  Fig.  296  illustrates  this 
point.  Here  we  have  the  end  or  regulating-cells  of  a 
53-cell  battery  connected  to  the  charge  and  discharge 
switches  C  and  D.  In  the  position  shown,  C  is  on  the 
end  cell,  and  D  on  cell  No.  49 ;  consequently,  cells  50  to 
53  have  to  carry  the 
current  flowing  to  the     From  PYHAMg>'t=>L^ ^ 

distribution-board,  as 
well  as  that  going 
through  the  whole 
battery. 

In  those  cases  where 
the  generator  is  always 
run  with  the  battery  at 
times  of  heavy  load, 
and  the  latter  when 
left  to  itself  has  only  a 
light  load  to  cope  with, 
the  battery  is  comparatively  small  in  capacity;  and  the 
current  passing  through  those  intermediate  regulating-cells, 
when  the  dynamo  is  running,  is  considerably  in  excess  of 
the  normal  charging  current.  In  such  a  case,  with  the 
capacity  of  the  battery  small  as  compared  with  the  maxi- 
mum demand,  rapid  deterioration  of  the  end  cells,  which 
would  otherwise  ensue,  can  be  prevented  by  having  them 
of  larger  size  than  the  rest  of  the  battery. 

Care  should  be  taken  that  the  charging  switch  is  never 
placed  on  a  lower  cell  than  that  on  the  discharge  side, 
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Fig.  296.— Regulating  Cells. 
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for  if  such  should  happen,  the  cuiTent  passing  to  the 
distribution-board  would  flow  through  the  intermediate 
cells  in  the  discharging  direction,  and  would  help  to  dis- 
charge them.  Thus,  referring  to  Fig.  296,  if  the  charging 
switch  were  in  the  dotted  position  (7,  the  current  flowing 
from  the  dynamo  to  the  distribution-board  would  pass 
through  cell  No.  49  in  the  discharging  direction ; 
and,  if  continued  for  any  length  of  time,  would  bring 
down  the  voltage  of  the  cell  and  sulphate  it  to  a  harmful 
degree. 


Fig.  297.— Simple  Battery-Charging  Booster  Circuit. 


181.  Battery-Charging  Booster.— A  booster,  as  is 
more  fully  explained  in  the  next  chapter,  is  a  small 
generator  driven  by  a  motor ;  and  it  is  used  to  add  or  sub- 
tract volts  to  or  from  a  circuit,  as  maybe  required.  When 
employed  for  battery-charging  purposes,  it  enables  all  the 
cells  to  be  charged  from  the  main  dynamo,  even  though  the 
P.D.  of  the  latter  may  be  less  than  that  of  the  battery. 
Thus,  the  dynamo  may  be  supplying  the  bus-bars  and  the 
supply  circuits  at  a  pressure  of,  say,  105  volts,  and  at  the 
same  time,  with  the  help  of  a  booster,  charging  a  battery 
whose  E.M.F.  is  considerably  higher  than  this.  The  ad- 
vantage of  such  an  arrangement  is  that  the  main  dynamo 
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(or  dynamos)  need  not  generate  a  greater  P.D.  than  is 
required  on  the  bus-bars,  and  a  saving  of  power  results. 
To  understand  the  action  of  a  booster  when  used  for 
this  purpose,  let  us  refer  to  Fig.  297.  Here  D  is  the  main 
dynamo  supplying  current  to  the  battery,  and  to  the 
supply  circuits,  at  a  pressure  of,  say,  105  volts.  jB  is  the 
booster,  or  auxiliary  dynamo  as  it  may  be  termed,  this 
giving  let  us  suppose,  a  pressure  of  30  volts  in  the  opposite 


-  ToSuPPLY 

;Ba   Switchboard 


Fig.  298.— Dynamo-Booster- Accumulator  Circuit. 

direction  to  the  battery  pressure.  B  is  driven  by  a 
motor  (not  shown)  connected  across  the  bus-bars.  Ba  is 
the  battery,  which,  when  all  the  cells  are  in  circuit  and 
nearly  charged,  gives  an  E.M.F.  of,  say,  120  volts  counter 
to  that  of  the  dynamo  D, 

The  action  of  the  booster  is  to  cancel  some  of  the  E.M.F. 
of  the  battery.  Thus,  regarding  the  battery  circuit  alone, 
we  have  an  E.M.F.  of  120  volts  in  one  direction  due  to 
the  battery,  and  one  of  30  volts  in  the  other  due  to  the 
booster.     The    resultant  E.M.F.  opposed   to  the  bus-bar 
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pressure  will  thus  be  90  volts,  so  that  current  will  flow 
through  the  battery  in  a  charging  direction  under  a 
pressure  of  15  volts. 

There  are  several  ways  of  combining  a  booster  with  a 
battery;  one  of  the  simplest,  which  possesses  the  advantage 
that  only  one  regulating  switch  is  required,  being  that 
diagrammed  in  Fig.  298.  Here  I)  is  the  main  dynamo, 
with  its  field  circuit  omitted ;  and  5,  B,  are  the  bus-bars, 
ilf  is  a  motor  direct-coupled  to  the  booster-generator  G,  as 
indicated  by  the  connecting  line.  This  way  of  illustrating 
a  motor  generator  diagrammatically,  by  the  way,  is  shown 
apart  in  Fig.  299,  and  should  be  remembered.  M  takes  its 
current  from  the  bus-bars,  and  its  speed  (and  consequently 
the  boosting  volts  generated  by  (?,)  are  regulated  by  the 
motor-starting  switch  and  regulating  resistance  MSB,  F 
and  F  are  the  field  coils  of  Jf  and  G  respectively.  F  may  be 
joined  across  the  bus-bars  through  the  booster  field  regu- 
lator B  F B,  the  latter  affording  another  means  of  adjusting 
the  E.M.F.  of  (?  :  or  the  two  armature  windings  oiM  and  G 
may  be  wound  on  a  common  core,  and  rotated  in  a  single 
field  due  to  F  (Fig.  334).  Ba  is  the  battery,  the  end  cells 
of  which  are  joined  to  a  single  regulating  switch  B.  An 
ammeter  A  shows  the  current  passing  through  Ba,  as  well 
as  its  direction,  i.  e,  whether  the  battery  is  charging  or  dis- 
charging; while  the  voltmeter  V  indicates  the  pressure 
between  the  negative  bus-bar  and  the  battery-regulating 
switch.  C  is  a  3-way  switch,  which,  in  the  position  shown, 
puts  the  booster  in  circuit ;  otherwise  the  booster  is  put 
out  of  circuit,  and  B  and  Ba  are  connected  directly  to  the 
positive  bus-bar,  or  entirely  disconnected  therefrom. 

Suppose  the  dynamo  is  working,  and  the  battery  is  to  be 
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charged.  B  FB  is  placed  so  as  to  exclude  all  extra  resistance 
from  the  circuit,  G  is  put  into  its  intermediate  or  off 
position,  so  as  to  cut  the  battery  out  entirely,  and  M  G 
is  started  by  means  of  M  S  B,  it  being  run  up  to  nearly 
full  speed  so  as  to  generate  full  voltage  at  G.  B  is 
then  placed  so  as  to  include  all  the  cells  in  circuit,  and 
G  is  put  on  to  the  lower  stop.  The  charging  current,  as 
indicated  on  ^4,  is  then  adjusted  to  its  proper  value,  by 
regulating  the  speed  of  the  motor-generator  hy  M  S  B,  or 
by  varying  the  resistance  dX  B  F  B, 

When  the  battery  is  fully  charged,  BFB  and  B  are  ad- 
justed until  A  indicates  no  current ;  the 
circuit  is  then  opened  at  (7,  and  M  and 
MSB  gradually  switched  off.   The  pres- 
sure indicated  on  V  being  then  adjusted 

by  means  of  B  to  that  required  by  the     Fig.  299.-Symboi  for 

.        .      ^     .  •111.  1  Motor-Generator. 

Circuit,  Ba  is  switched  direct  on  to  the 

bus-bars  at^,  and  D  if  need  be  may  be  stopped. 

This  arrangement  would  be  too  expensive  for  ordinary 
small  private  installations,  but  in  large  ones  will  be  found 
to  possess  many  advantages,  and  to  be  economical.  It  is 
possible  to  do  away  with  the  regulating  switch  altogether, 
a  reversible  booster — which  works  automatically  agairist 
or  with  the  battery — being  employed,  as  explained  in 
§§  227  and  228. 

*182.  Working  Hints. 

{a)  If  there  be  any  doubt  as  to  the  polarity  of  the 
dynamo,  it  may  be  tested  by  joining  some  kind  of 
electrolytic  cell  (§  151)  in  series  with  a  lamp  across  its 
terminals ;  or,  in  a  simpler  way,  by  means  of  pole-finding 
paper.     This  latter  is  a  chemically  prepared  paper  which, 
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when  moistened  and  laid  between  the  terminal  wires,  so  as 
to  form  part  of  the  circuit,  changes  colour  at  one  of  the  poles. 

(b)  The  +  pole  of  the  dynamo  is  connected  to  the  +  pole 
of  the  battery. 

(c)  When  the  dynamo  is  driven  by  a  gas-engine  that 
requires  help  in  starting,  the  current  from  the  accumulators 
may  be  used  to  run  the  dynamo  as  a  motor,  and  thus  give 
the  necessary  initial  turns  to  the  engine.  If  this  method 
be  resorted  to,  some  means  must  be  provided,  as  at  5  J?  in 
Fig.  290,  for  putting  resistance  in  the  armature  circuit ; 
else  the  latter  would  probably  be  damaged  by  the  large 
initial  starting  current  flowing  through  it  from  the 
battery.  When  the  engine  has  once  started,  the  cells 
should  be  cut  off  at  i>  P  S,  and  the  resistance  si  S  B 
reduced  to  zero. 

(d)  After  the  dynamo  has  been  started,  all  the  resistance 
should  be  cut  out  at  E  (Fig.  290),  and  time  given  for  it  to 
get  up  its  maximum  E.M.F.  (as  ascertained  by  V)  before 
connecting  it  with  the  cells  at  A, 

(e)  In  stopping  the  dynamo,  the  cells  must  first  of  all 
be  switched  oS  at  D  P  S,  the  gas  supply  cut  off  from  the 
engine,  all  resistance  inserted  first  at  li  and  then  at  S  B, 
and  lastly — when  the  rotation  has  nearly  ceased — the 
brushes  should  be  raised  from  the  commutator.  If  the 
brushes  be  raised  while  the  F.M.  is  fully  excited,  the  in- 
ductance of  the  latter  will  cause  sparkwear  and  throw  stress 
on  the  insulation  of  the  field  coils.  The  brushes  must  be 
raised  before  the  machine  stops,  to  prevent  their  bending, 
should  the  engine  take  a  part  turn  backwards,  and  their 
edges  catch  in  the  commutator.  With  end-on  brushes  this 
precaution  is  unnecessary. 
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(/)  For  reasons  given  in  §  180,  the  charging  switch  of 
a  battery  regulator  should  never  be  on  a  lower  contact  (or 
number  of  cells)  than  the  discharging  switch. 

*183.  Hints  on  the  Care  of  Cells. 

(a)  Each  cell  should  stand  in  a  wooden  tray  filled  with 
sawdust  to  absorb  moisture ;  and  each  tray  must  stand  on 
four  glass  oil  irmdators  of  the  pattern  shown  in  perspective 
and  in  section  in  Fig.  300.  From  the  right-hand  figure  it 
will  be  seen  that  each  insulator  is  in  two  parts,  the  lower 
being  in  the  form  of  a  cup  and  containing  resin  oil, 
and  the  upper  resting  in  the  oil  and  forming  a  dust-pro- 


ir 


Fig.  300.— Oil  Insulators  (B.P.S.  Co.). 

tectinsr  hood  over  it.     Sheets  of  lead  sometimes  take  the 
place  of  the  trays  (§  168). 

(h)  The  sulphuric  acid  for  the  cells  must  be  free  from 
impurities,  and  must  be  mixed  with  pure  water.  The 
acid  must  be  added  to  the  water  gradually,  with  continual 
stirring,  in  the  proportion  of  about  1  part  of  acid  to  5 
of  water.  The  exact  proportion  is  such  that  after  the 
liquid  has  cooled  down,  its  specific  gravity  as  indicated  by 
a  hydrometer  (§  184)  is  1180  or  1-190.  If  the  sp.  g. 
(specific  gravity)  be  too  high,  more  water  must  be  added ;  if 
too  low,  more  acid.  If  the  water  be  hard  it  should  be  boiled 
before  use. 
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(c)  When  fresh  liquid  is  added  to  make  up  for  the  loss 
from  the  cells  by  evaporation,  it  must  be  in  the  form  of  pure 
water.  The  electrolyte  must  always  cover  the  tops  of  the 
plates. 

{d)  The  voltage  of  a  cell,  as  indicated  by  a  reliable  cell- 
testing  voltmeter,  should  never  be  allowed  to  fall  below 
1*85  volts.  This  test  must  be  made  when  the  battery  is 
discharging.  If  made  during  charging  the  voltmeter  will 
indicate  too  high  a  value. 

{e)  The  condition  of  a  cell  is  best  indicated  by  a 
hydrometer.  When  discharged  as  far  as  permissible,  the 
sp.  g.  of  the  electrolyte  falls  to  about  1*170  ;  when  fully 
charged,  it  rises  to  1*200  or  1*210. 

(/)  The  voltage  and  sp.  g.  of  each  cell  should  be  taken 
at  least  once  a  week.  Defects  will  thus  be  detected  early, 
and  should  be  remedied  without  delay. 

{g)  W^hen  a  battery  is  first  set  up  it  must  be  charged 
directly,  and  for  from  30  to  40  hours  without  intermission. 

(A)  Each  type  of  cell  has  different  charging  rates  or 
currents,  which  must  be  ascertained.  It  is  best  to  charge 
cells  slowly  at  their  low  rate  than  quickly  at  their  high 
rate. 

(i)  When  a  cell  is  fully  charged  the  electrolyte 
becomes  "milky,*'  owing  to  the  presence  of  innumerable 
bubbles  of  gas  that  the  plates  will  not  absorb.  If  the 
charging  rate  be  too  high,  however,  cells  will  sometimes 
milk  before  they  are  fully  charged. 

(J)  A  battery  must  be  charged  to  the  "milky"  state  once 
or  twice  every  week. 

Qc)  Axvf  cell  which  refuses  to  "  milk  "  in  company  with 
the  others  has  probably  something  wrong  with  it.    It  must 
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then  be  carefully  examined  to  see  if  any  pieces  of  paste, 
scab,  or  other  body  have  lodged  between  the  plates ;  and 
if  so,  such  must  be  removed.  If  the  plates  are  touchiDg, 
the  section  must  be  taken  out  directly,  and  the  plates 
straightened.  To  restore  the  cell  to  good  condition,  it  must 
only  be  in  circuit  with  the  rest  of  the  battery  during  times 
of  charging.     The  milky  state  will  indicate  its  recovery. 

(/)  The  maximum  discharge  rate  of  a  battery  must  never 
be  exceeded. 

(m)  A  cell  or  cells  must  never  be  short-circuited. 

(n)  The  connections  between  cell  and  cell  must  be  kept 
perfectly  clean. 

{o)  A  battery  must  not  be  allowed  to  remain  for  any 
length  of  time  in  a  discharged  or  partly  discharged  con- 
dition. If  this  happens,  a  dense  coating  of  lead  sulphate 
will  gradually  form  on  both  plates,  and  will  not  easily  be 
got  rid  of  by  charging,  as  it  is  a  bad  conductor.  It  was 
explained  in  §  155  that  the  sulphate  forms  in  the  ordinary 
discharge  of  the  cell,  but  this  is  only  a  very  thin  coating, 
which  soon  disappears  on  recharge. 

{p)  When  cells  are  in  good  condition  and  fully  charged, 
the  positives  should  be  of  a  clear  reddish-brown  or  chocolate 
colour,  and  the  negatives  bluish-grey. 

*184.  The  Hydrometer  and  its  Use. — A  hydro- 
meter usually  takes  the  form  of  a  long  glass  bulb,  which, 
when  immersed  in  a  liquid,  indicates  its  specific  gravity  on 
a  scale  on  the  stem  of  the  instrument,  the  reading  being 
taken  at  the  level  of  the  surface  of  the  liquid.  The 
greater  the  density  of  the  liquid  the  higher  will  the  hydro- 
meter float  in  it. 

The  specific  gravity  of  a  liquid  is  its  density,  or  the 

L    L 
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weight  of  a  given  volume  of  it,  as  compared  with  that  of 
pure  water,  which  is  taken  as  unity.  In  other  words,  the 
density  of  pure  water  is  1,  as  will  be  seen  if  a  hydro- 
meter be  floated  in  it,  when  the  unit  or  thousand  mark 
will  be  level  with  the  surface  of  the  water. 

Sulphuric  acid  has  a  greater  density  than  water. 
Consequently  any  solution  of  the  acid  in  water  will  possess 
greater  specific  gravity  than  pure  water ;  and  the  greater 
the  proportion  of  acid  the  greater  will  be  the  density. 

When  a  cell  or  battery  is  first  put  together,  the  solution 
of  acid  is  made  up  with  a  sp.  g.  of  11 80  before  being  put 
into  the  cells.  When  the  battery  is  in  regular  working,  its 
condition  as  to  being  partly  or  fully  charged  affects  the 
sp.  g.  of  the  electrolyte.  This  should  be  evident  from 
§  155,  where  the'  symbols  roughly  indicate  that  the 
quantity  of  free  acid  in  the  solution  is  greatest  when  the 
cell  is  fully  charged. 

Thus  it  is  that  the  hydrometer,  sometimes  termed  acido- 
meter,  indicates  "  how  much  charge  "  there  is  in  a  cell. 

There  are  various  forms  of  hydrometer,  four  being  shown . 
in  Figs.  301-304.  That  in  Fig.  301  is  of  the  ordinary 
type,  the  reading  being  taken  on  the  graduated  stem  at  the 
level  of  the  liquid.  The  bulb  and  stem  are  hermetically 
sealed,  the  former  being  weighted  with  fine  shot.  With  the 
Holden  hydrometer  (Fig.  302)  a  wooden  scale  is  clamped  on 
the  bar  of  the  cell,  and  adjusted  so  that  its  lower  extremity 
just  touches  the  surface  of  the  liquid.  The  hydrometer  is 
then  floated  in  the  latter,  and  the  reading  taken  on  the 
scale  at  the  level  of  the  top  of  the  hydrometer  stem.  In 
the  hydrometer  shown  in  Fig.  303,  the  tube  is  open  at 
both  ends,  and  serves  merely  to  contain  four  miniature  bead 
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JiydroniieteTSy  which  are  differently  coloured    and   float  at 


Fig.  301.—  Fig.  302.— Holden  Hydrometer.       Fig.  303.—       Fig.  304.— 

Ordinary  (D.  P.  Battery  Co.)  Bead         Hurst  Enclosed 

Hydrometer.  Hydrometer.     Hydrometer. 

(E.P.S.  Co.) 

different  densities,  usually  1*105,  1170,  1190,  and  1*200. 
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The  containing-tube  is  dipped  into  the  cell,  and  the  liquid 
entering  it  causes  one  or  more  of  the  beads  to  float.  In 
some  forms  the  tube  has  a  number  of  holes  to  enable 
the  liquid  to  enter  quickly.  If  there  be  only  one  hole, 
say,  in  the  bottom  of  the  tube,  and  this  be  a  fine  one,  and 
the  thumb  be  placed  over  the  orifice  at  the  top,  the  tube 
may  be  withdrawn  with  a  quantity  of  the  electrolyte,  and 
the  position  of  the  beads  noted  before  the  liquid  has  time 
to  leak  out.    This  form  is  useful  with  cells  in  opaque  boxes. 

Fig.  304  shows  another  kind  of  hydrometer  for  use  with 
cells  in  opaque  boxes  or  in  inaccessible  positions.  The 
hydrometer  is  enclosed  in  a  glass  tube  having  a  hollow 
rubber*  ball  at  one  end  and  a  rubber  tube  at  the  other.  By 
squeezing  the  ball  and  inserting  the  end  of  the  tube  in  the 
cell  under  notice,  and  then  releasing  the  ball,  a  sufficient 
quantity  of  the  electrolyte  to  float  the  hydrometer  can  be 
withdrawn  from  the  x;ell,  and  its  specific  gravity  noted. 
On  again  squeezing  the  ball,  the  liquid  will  be  ejected 
from  the  tube. 

The  construction  of  cell-testing  voltmeters  (or  cell- 
testers)  and  of  cell-viewing  lamps  is  referred  to  in  Chaps. 
VII  and  I  respectively. 

It  will  be  observed  that  the  specific  gravity  values  given 
above  are  very  little  over  unity.  In  practice,  however,  it 
is  a  common  thing  to  drop  the  decimal  ^point  and  speak  of 
specific  gravities  of  1105,  1170,  1190,  and  so  on. 

185.  Arrangement  of  Cells  for  driving  Electric 
Vehicles. — There  are  naturally  a  number  of  ways  in 
which  the  cells  and  the  one  or  two  motors  used  to  drive 
an  electric  automobile  may  be  connected  with  the  con- 
trolling-gear, but  it  must  suffice  if  we  give  one  example. 


§  185] 
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The  electric  victoria  depicted  in  Fig.  305  is  fitted  with 
E.P.S.  cells  of  the  Faure-King  type  (§  165),  these  driving  a 
single  motor  which  acts  on  the  rear  axle  through  cog 
reduction  and  differential  gear.     The  vehicle  is  fitted  with 


Fig.  305.— Electric  Victoria^(E. p. S.  Co.). 


three  brakes,  viz.  a  band  brake,  operated  by  the  steering 
lever  and  acting  on  the  motor  axle;  an  electric  brake 
similarly  acting;  and  a  shoe  brake  for  the  rims  of  the 
driving-wheels,  actuated  by  a  pedal.  The  whole  weighs 
about  23  cwt. 

The    motor    is    bipolar    and    series- wound,    giving]  a 
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maximum  output  of  2J  h.p.,  and  making  1,800  r.p.m.  at 
full  speed. 

The  lever  in  front  of  the  driver  performs  the  double 
operation  of  regulating  the  speed  of  the  vehicle  and  of 
steering  the  same.  Steering  is  effected  by  moving  the 
lever  to  right  or  to  left,  this  motion  being  communicated 
to  the  front  pair  of  wheels;  while  for  regulating  the  speed 
it  is  moved  up  or  down.  The  lever  has  four  driving 
positions,  which  alter  the  speed  by  varying  the  number  of 
cells  in  series  with  the  motor ;  there  being  40  cells  in  all, 
divided  up  into  four  sections  of  10  in  each. 

When  the  steering  lever  is  raised  to  its  highest  point, 
the  band  brake  is  applied  to  the  motor  shaft.  The  next 
downward  point  releases  the  brake.  With  the  lever  at  its 
third  point,  the  four  sets  of  cells  are  put  in  parallel,  the 
motor  being  thus  supplied  at  20  volts.  At  the  fourth 
position  the  cells  are  arranged  in  two  parallel  sets  of 
20  in  series,  the  motor  then  running  at  40  volts.  At 
its  lowest  point  the  lever  puts  all  the  cells  in  series,  thus 
applying  80  volts  to  the  motor,  and  the  resultant  speed  is 
about  12  miles  per  hour. 

A  higher  speed  of  about  15  miles  per  hour  can  be 
obtained  by  means  of  a  foot  button  which  shunts  a 
portion  of  the  field  current  through  a  resistance,  the 
weakening  of  the  field  causing  the  motor  to  run  faster 
(§  117).  The  lamps  for  lighting  the  vehicle  are  worked 
off  one  set  of  ten  cells. 

186.  Calculations. 

(a)  Given  the  requisite  charging  current    and 

PARTICULARS  OB^  THE  BATTERY,  TO  FIND  THE  NECESSARY 
P.D.  AT  THE  TERMINALS   OF   THE  DYNAMO. — A  battery  of 
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54  cells  in  series,  each  with  an  internal  resistance  of 
00025  ohm,  requires  a  charging  current  of  80  amperes. 
What  must  be  the  P.D.  at  the  terminals  of  the  dynamo, 
the  cables  connecting  the  latter  with  the  battery  having  a 
total  resistance  of  0*05  ohm  ? 

Assumiijg  that  the  back  E.M.F.  of  each  cell  (§161)  will 
reach  a  maximum  of  2*2  volts,  the  total  E.M.F.  of  the 
battery  will  be  22  x  54  =  119  volts. 

When  there  are  two  opposing  E.M.Fs.  or  pressures  in  a 
circuit,  the  resultant  pressure  is  the  difference  between 
them.  Thus  if  we  denote  the  dynamo  P.D.  by  J^,  the 
battery  E.M.F.  by  e,  the  resistance  of  the  battery  and  con- 
necting leads  by  72,  and  the  current  by  (7,  we  have  : — 

or,         U-~e  =  CE 

so  that,       E  =  (C£)  +  e. 

Then  :—    E=  jsO  x  ([54  x  '0025]  +  'OS)!  +  119 

=  15  +  119  =  134  volts. 

Thus  the  terminal  P.D.  of  the  dynamo  must  be  at  least 
134  volts. 

{h)  To  FIND  THE  SIZE  AND  NUMBER  OF  CELLS  NECES- 
SARY FOR  A  GIVEN  OUTPUT. — What  number  of  cells  in 
series  will  be  required  to  run  150  60-watt  glow  lamps,  and 
12  5-ampere  arc  lamps,  all  in  parallel;  and  to  supply,  in 
addition,  800  watts  for  motive  and  heating  purposes  ? 

It  is  to  be  assumed  that  only  two-thirds  of  the  total 
current  required  for  all  lamps,  motors,  and  heaters,  will 
ever  be  wanted  at  once.     The  supply  pressure  is  to  be  100 
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volts,  and  an  extra  5  volts  is  to  be  allowed  for  drop  in  the 
mains. 

The  total  current  will  be : — 

Amperes. 
Glow  lamps  (60  -f  100)  X  150  =    90 

Arc  lamps  5  x  12  =60 

Motive  and  heating  purposes  800  -^  100  =      8 


Total.     158 


Two-thirds  of  158  is  105,  this  being  the  maximum  current 
demand.  The  cells  will  therefore  have  to  be  of  such  a 
size  as  to  be  equal  to  a  normal  discharge  rate  of  about 
105  amperes;  or  less  than  this  if  the  maximum  current 
demand  will  only  be  put  upon  them  occasionally.  The 
necessary  size  of  any  given  type  may  then  be  got  from 
the  maker's  list. 

The  total  pressure  being  105  volts,  and  the  minimum  P.D. 
of  each  cell  about  1*85  volts,  the  necessary  number  of  cells 
will  be  1Q5  -r  1*85  =  57  cells. 

(c)  To  FIND  THE  NUMBER  OF  LAMPS  THAT  MAY  BE 
CONNECTED  TO  A  BATTERY. 

(i.)  If  a  battery  of  106  cells  in  series  be  used  to  supply 
current  to  glow  lamps  in  parallel,  each  cell  having  1*95 
volts  average  E.M.F.,  and  0*0055a)  resistance,  how  many 
glow  lamps,  each  requiring  200  volts  and  0*4  amp.,  may  be 
turned  on  at  once  ? 

(ii.)  If  two  extra  cells  are  put  in  series,  how  many  more 
lamps  may  be  used  ? 

(i.)  If  71  =  number  of  lamps,  the  total  current  =  n  x  04 
amperes. 
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Total  E.M.F.  of  cells  —  drop  of  volts  in  cells  =  terminal 
P.D. :  or  106  X  195  -  ?i  x  0-4  x  106  x  0  0055  =  200. 
.-.  7t  X  0-4  X  106  X  00055  =  2067  -  200 
Thus :—  0-233  n  =  67 

and ; —  n  =  29  (approx.) 

hence  29  glow  lamps  may  be  turned  on. 
(ii.)  In  this  case : — 

Total  E.M.F.  =  108  x  1*95  =  210*6  volts 
.-.  210-6  -  71  X  0-4  X  108  X  0*0055  =  200 

Thus:-  n=^ 

0-238 

=  45  (approx.) 

That  is  to  say,  16  more  lamps  may  be  used. 

Other  examples  of  calculations  relating  to  batteries  will 

be  found  in  Chapter  IV. 


CHAPTER  XV.— QUESTIONS. 
In  ansv)ering  these  questions,  give  sketches  wherever  possible. 

*1.  Sketch  and  describe  any  apparatus  for  the  electrolysis  of 
water  with  which  you  are  acquainted,  other  than  that  illustrated 
in  §  149. 

*2.  Sketch  some  apparatus  for  the  electrolysis  of  copper  sulphate, 
and  give  theoretical  reasons  for  the  results  obtained  therewith. 

3.  Illustrate  the  theory  of  electrolysis  (§  152)  by  diagrams  of  your 
own,  and  explain  the  same. 

4.  State  what  ions  are  produced  at  the  anode  and  kathode  respect- 
ively during  the  electrolysis  of  the  following  electrolytes : — water, 
solution  of  sodium  chloride  in  water,  solution  of  copper  sulphate  in 
water,  sulphuric  acid,  and  hydrochloric  acid. 
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5.  What  is  Faraday's  law  regarding  electro-deposition?  How 
much  caustic  soda  is  produced  per  ampere  hour,  and  how  much  lead, 
silver,  and  mercury  (from  mercurous  nitrate)  would  be  deposited  per 
ampere  hour  ?  One  coulomb  evolves,  say,  0*0104  ^  milligramme  of 
hydrogen,  and  the  atomic  weights  of  sodium,  lead,  silver,  and 
mercury,  are  respectively  23,  207,  108  and  200.     [Ord.  1899.] 

6.  If  10,000  kilocoulombs  are  passed  through  cells  arranged  in 
series  containing  solutions  of  CugClg,  Hg2(N03)2,  CUSO4,  H2SO4,  and 
NaCl,  how  much  copper,  mercury,  hydrogen,  and  caustic  can  be 
obtained  ?    [Ord.  1895.] 

7.  Describe  the  chemical  actions  going  on  when  two  lead  plates 
are  immersed  in  dilute  sulphuric  acid  and  connected  to  the  poles  of 
a  continuous  current  dynamo.  What  is  meant  by /ormirw/ plates  ? 
[Ord.  1890.] 

8.  Describe  in  detail  the  electro-chemical  method  of  preparing 
calcium  carbide,  or  aluminium.     [Ord.  1900.]; 

*9.  In  what  respects  does  a  primary  cell  differ  from  a  secondary 
cell? 

*10.  Prove  that  a  secondary  cell  stores  up  chemical  and  not  electrical 
energy. 

*11.  Explain,  in  as  few  words  as  possible,  the  construction  and 
action  of  a  simple  kind  of  secondary  cell. 

*12.  Explain  clearly  how,  starting  with  two  plain  lead  plates  in 
dilute  acid,  repeated  chargings  and  dischargings  in  opposite  direc- 
tions cause  the  gradual  formation  of  spongy  lead  on  the  surface  of 
both  plates. 

13.  Distinguish  between  the  capacity  and  the  efficiency  of  a 
secondary  battery. 

*14.  Define: — Electrolysis,  "forming"  of  plates,  pasted  plate, 
separator,  buckling. 

15.  Describe  the  mode  for  making  a  secondary  battery,  giving 
details  of  manufacture  of  the  plates.     [Ord.  1891.] 

16.  What  are  the  advantages  and  disadvantages  of  the  Plants  and 
pasted  plates  for  secondary  cells  ?     [Ord.  1895.] 

17.  How  is  an  accumulator  made,  and  how  is  it  employed   in 
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practice  ]  What  are  the  various  precautions  that  should  be  adopted 
in  the  use  of  accumulators,  and  what  happens  if  these  precautions 
are  neglected  ?    [Ord.  1901.] 

*18.  Sketch  and  describe  some  good  form  of  accumulator,  and 
explain  how  you  would  ascertain  whether  it  was  charged  or  dis- 
charged. About  how  much  current  may  be  taken  from  an  accumu- 
lator per  square  foot  of  positive  plate,  and  what  occurs  if  the 
accumulator  be  discharged  at  a  much  higher  rate  ]    [Prel.  1899.] 

*19.  How  would  you  find  out  which  brush  of  a  shunt  dynamo 
should  be  connected  with  the  positive  terminal  of  a  battery  of  accumu- 
lators in  order  that  the  battery  might  be  charged  when  the  dynamo 
was  run  at  the  right  speed  ?    [Prel.  1899.] 

20.  What  kind  of  dynamo  is  best  for  charging  accumulators,  and 
why?    [Ord.  1897.] 

21.  It  is  required  to  charge  55  accumulators  (ordinary  sort,  with 
lead,  etc.,  plates)  whose  ordinary  rate  of  discharge  is  100  amperes. 
There  are  available  four  dynamos  of  following  sorts  :  (a)  a  series 
dynamo,  50  amperes  at  130  volts ;  (6)  a  series  dynamo,  100  amperes 
at  50  volts ;  (c)  a  shunt  dynamo,  50  amperes  at  130  volts ;  (d)  a 
shunt  dynamo,  100  amperes  at  50  volts.  Which  one  would  you 
employ,  and  why  ?    [Ord.  1896.] 

22.  Give  the  number  of  storage  cells  required  for  a  lOO-volt 
private  house  installation.  Also  state  maximum  charging  voltage, 
and  say  how  many  cells  must  be  connected  with  the  regulating 
switch.     [Ord.  1894.] 

23.  Sketch  the  arrangement  of  plant  when  a  gas-engine,  driving  a 
continuous  current  dynamo,  charges  secondary  batteries  and  lights 
incandescence  lamps.  How  many  cells  are  required,  and  what 
electromotive  force  must  the  dynamo  have,  if  the  lamps  used  are 
100- volt  lamps  ?    [Ord .  1890.] 

*24.  In  starting  to  charge  a  set  of  accumulators  by  means  of  an 
engine  and  dynamo,  what  precautions  would  you  take  after  starting 
the  engine  before  finally  closing  the  connections  between  the  dynamo 
and  accumulators  1    [Prel.  1900.] 

25.  How  should  a  gas-engine  and  dynamo  be  stopped  so  as  to 
avoid  both  the  bending-up  of  the  brushes  by  the  engine  giving  a 
portion  of  a  turn  backwards,  and  the  stress  on  the  insulation  of  the 
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field  magnet  winding  by  the  brushes  being  raised  while  the  field 
magnet  is  excited  ?    [Ord.  1899.] 

26.  You  are  required  to  charge  50  accumulators  in  series  from  100 
volts  constant  pressure  mains.  Describe  and  sketch  the  kind  of 
apparatus  you  would  employ  to  do  this.    [Ord.  1898.] 

*27.  Show  by  means  of  diagrams  how  you  would  arrange  an  alarm 
circuit  to  operate  when  a  storage  battery  becomes  overcharged  or 
overdischai^ed.     [Prel.  1902.] 

28.  Make  a  diagrammatic  sketch  after  the  style  of  Fig.  289,  but 
showing  only  the  apparatus  on  the  switchboard  in  Fig.  295.  Fill  in 
the  connections  between  the  different  switches,  fuses,  etc.,  and  show 
where  the  dynamo,  cells,  and  supply  circuit  are  joined  up. 

29.  Show  by  means  of  a  sketch  how  you  would  arrange  on  a 
switchboard  the  apparatus  given  in  the  circuit  diagram  in  Fig.  289. 

30.  Alter  the  diagram  of  connections  in  Fig.  290,  so  as  to  include 
a  battery-charging  booster,  and  insert  the  necessary  additional  fuses 
and  other  accessory  apparatus. 

31.  A  compound-wound  dynamo  producing  a  terminal  P.D.  of  150 
volts  is  used  to  charge  60  storage  cells,  each  having  an  E.M.F.  of  2*2 
volts  and  a  resistance  of  O'OOl  ohm.  If  the  leads  joining  the  dynamo 
and  cells  have  a  resistance  of  0*2  ohm,  what  will  be  the  current 
generated  ?    [Ord.  1897.] 

32.  Describe,  with  sketches,  two  well-known  types  of  secondary 
cells,  one  suitable  for  central  station  work  and  one  for  traction,  and 
point  out  in  what  respects  they  differ.     [Ord.  1898.] 

33.  How  would  you  vary  the  speed  of  a  motor-car  propelled  with 
accumulators  ?  What  is  about  the  minimum  weight  of  accumulators 
necessary  to  develop  2  h.p.  without  damage  to  the  cells,  and  how 
much  per  cent,  of  the  energy  put  into  the  cells  when  they  were 
charged  would  you  expect  the  cells  to  give  out  in  the  propulsion  of 
the  motor-car?    [Ord.  1901.] 


CHAPTER  XVI 

The  figures  refer  to  the  numbered  paragraphs. 

Transformers,  187.  Principle  of  the  Static  Transformer,  188.  Step- 
up  and  Step-flown  Transformers,  189.  Efficiency  and  Action  of 
Static  Transformers,  190.  Construction  of  Transformers,  191. 
Transformer  Sections,  192.  Core  and  Shell  Transformers,  193. 
Johnson  and  Phillips  Transformer,  194.  The  Ferranti  Trans- 
former, 195.  The  Berry  Transformer,  196.  Special  Trans- 
formers, 197.  Ordinary  Transformers  on  Polyphase  Systems,  198. 
Two-  and  Three-phase  Transformers,  199.  Phase  Transformers, 
200.  Theory  and  Calculations,  201.  Kotary  Transformers,  202. 
Types  of  Motor-Generator,  203.  Boosters,  204.  Current-Character 
Transformers,  205.  Rectifiers,  206.  The  Ferranti  Rectifier,  207, 
The  Batten  Rectifier,  208.  The  Nodon  "  Valve"  or  Electrolytic 
Rectifier,  209.     Questions,  page  576. 


Chapter  J  paragraph,  and  figure  numbers  in  italics  refer  to  Vol,  I, 
(6th  Ed.\  and  those  in  heavy  type  to  "  Electric  Wiring,  Fittings , 
Switches,  and  Lamps''  (Srd  Ed.), 


*187.  Transformers. — Transformers  or  converters  are 
devices  for  changing  the  pressure  or  character  of  a  current 
supply.  Thus  the  ordinary  static  or  molecular  transformer, 
which  has  no  moving  parts,  is  used  generally  either  to 
reduce  or  increase  the  pressure ;  or  (as  in  certain  polyphase 
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transformers,  §  200)  to  change  the  character,  of  an 
alternating  supply  of  electrical  energy.  The  rotary  trans- 
foo^mer  or  motor  generator  is  a  combination  of  a  motor  and 
a  dynamo  (or  alternator) ;  and  by  means  of  such,  any  kind 
of  supply  of  electrical  energy  may  be  changed  either  in 
pressure  or  in  character,  or  in  both.  Thus  a  direct  current 
may  be  transformed  into  a  similar  current  at  either  lower 
or  higher  voltage,  in  which  case  the  machine  is  termed  a 
direct-current  transformer.  A  direct-current  supply  may  be 
also  converted  into  an  alternating-current  one  or  vice  versd; 
or  single-phase  transformed  into  polyphase  currents,  or  the 
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Fig.  306.  Fig.  307. 

Iiidu3tion  of  Currents. 

reverse.  Step-down  and  step-up  transfor^ners  are  respectively 
those  which  diminish  or  increase  the  voltage  of  the  supply. 
When  we  add  that  there  are  several  special  modifications 
of  both  static  and  rotary  transformers,  it  wall  be  under- 
stood that  under  the  single  term  "transformer"  a  great 
variety  of»apparatus  and  machines  is  comprised. 

*188.  Principle  of  the  Static  Transformer. — The 
ordinary  single-phase  static  transformer  depends  for  its 
action  upon  the  induction  between  two  neighbouring  but 
distinct  electric  circuits,  which  are  interlinked  with  a 
magnetic  circuit. 

With   apparatus   arranged  as   in   Fig.  306,  when   the 
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key  X  is  depressed  and  a  current  is  sent  along  a  ft,  a 
momentary  current  is  induced  in  c  d:  and  when  the 
current  in  a  h  is  stopped,  another  momentary  current  is 
induced  in  c  ^  in  the  opposite  direction  to  the  first  induced 
current;  these  being  indicated  by  the  galvanoscope  G, 
Thus,  if  the  key  be  continually  depressed  and  released, 
causing  an  intermittent  current  to  flow  in  a  h,  it  is 
clear  that  an  alternating  current  will  be  induced  in  c  d. 
For  reasons  given  in  §  61^  the  reader  will  understand 
that  the  above  effect  will  be  much  increased  if  the  wires 
are  coiled  up  as  in  Fig.  307 ;  and  still  more  increased  if  the 
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coils  A  and  B  be  inserted  one  within  the  other,  and  provided 
with  an  iron  core  in  order  to  increase  the  number  of  lines 
of  force,  as  shown  in  Fig.  308.  This  is  the  principle  of  the 
ordinary  induction  coil,  which  is  a  converter  for  trans- 
forming an  intermittent  direct  into  an  alternating  current. 
The  simplest  form  of  static  transformer  is  similar  in 
construction  to  an  induction  coil,  in  that  it  consists  of  two 
separate  coils  wound  upon  an  iron  core ;  but  it  differs  from 
it  in  having  no  contact-breaker  or  condenser.  In  Fig.  309, 
IC  represents  an  iron  core  on  which  are  wound  two  distinct 
coils  F  and  S,  one  of  which,  P,  is  called  the  primary  coil, 
because  it  carries  the  inducing  current ;  while  the  other,  S, 
is  termed  the  secondary  coil,  because  it  is  the  one  which 
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has  currents  (or  more  correctly  speaking — electro-motive 
forces)  induced  in  it. 

It  should  be  perfectly  clear,  from  what  was  said  over- 
leaf, that  if  an  intermittent  current  be  sent  through  the 
primary  coil  P,  an  alternating  current  will  be  induced  in 
the  secondary  coil  S,  We  shall  now  proceed  to  show  that 
if  an  alternating  current  be  sent  through  P,  an  alternating 
current  will  be  induced  in  S,  Referring  again  to  Fig.  306, 
if  a  current  is  sent  from  a  to  6,  a  momentary  current  will 
flow  from  ^  to  c ;  and  when  the  current  in  a  &  is  stopped, 
another  momentary  induced  current  will  flow  from  c  to  d. 

But    if    the    current   in   a  & 
p  I       instead  of  being  stopped  is  im- 

ttr\nf\fin'n'nY)f^i^iiQ^  mediately  reversed,  the  second 
I  w^Mj^MM^i^^^^  induced  current  in  c  d  will 
f  i         still  flow  from  c  to  d,  but  will 

'S  i         be  much  greater.     Thus  it  is 

Fig.  309.-S^mp^^^^^^^  evident    that    an    alternating 

current  passing  through  the 
primary  coil  F,  Fig.  309,  will  induce  an  alternating  current 
in  the  secondary  coil  S, 

As  might  be  gathered  from  Fig.  308,  it  is  not  absolutely 
necessary  for  the  primary  and  secondary  coils  to  be  placed 
one  within  the  other,  so  long  as  the  lines  of  force  set  up 
by  the  primary  coil  are  led  by  an  easy  path,  such  as  a 
laminated  iron  core,  through  the  secondary. 

*189.  Step-up  and  Step-down  Transformers. — The 
usual  duty  of  a  static  transformer  is  to  induce  a  current 
in  the  secondary  coil  which  shall  have  a  greater  or  a  less 
voltage  than  the  current  in  the  primary  coil.  The  differ- 
ence of  pressure  thus  created  or  set  up  depends  upon  the 
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relative  number  of  turns  in  the  two  coils.  If  the  primary 
and  secondary  coils  had  exactly  an  equal  number  of  turns, 
as  in  Fig.  309,  the  pressure  of  the  current  in  the  secondary 
would  be  practically  the  same  as  that  of  the  current  in  the 
primary.  If  the  secondary  have  a  greater  number  of  turns 
than  the  primary,  as  in  a  step-up  transformer,  then  the 
pressure  in  the  secondary  will  be  greater  than  the  pressure 
in  the  primary.  On  the  other  hand,  if  the  secondary  have 
a  less  number  of  turns  than  the  primary,  as  in  a  step- 
down  transformer y  the  pressure  in  the  secondary  will  be 
less  than  that  in  the  primary.  In  other  words,  the  voltage 
induced  depends  upon  the  number  of  magnetic  lines  set 
up  by  the  primary  and  the  number  of  turns  of  wire  which 
they  cut  in  the  secondary. 

The  current  of  course  is  not  the  same  in  the  primary 
and  secondary  circuits.  In  a  step-up  transformer  a  large 
current  at  small  pressure  is  converted  into  a  smaller  current 
at  higher  pressure.  In  a  step-down  transformer  it  is  just 
the  reverse,  a  small  current  at  high  pressure  being  trans- 
formed into  a  larger  current  at  lower  pressure.  The  reason 
of  this  is  the  impossibility  of  getting  more  watts  out  of 
the  secondary  than  are  put  into  the  primary :  arid  re- 
membering that  the  watts  in  a  circuit  are  made  up  of  the 
two  factors,  volts  and  amperes ;  it  is  clear  that,  if  say,  the 
volts  are  increased,  the  amperes  must  diminish,  and  vice 
versd.  As  a  matter  of  fact,  the  power  given  out  by  the 
secondary  circuit  is  always  slightly  less  than  that  put  into 
the  primary  circuit,  because  a  certain  amount  is  absorbed 
in  the  process  of  transformation,  chiefly  due  to  the  heating- 
up  of  the  coils,  to  the  setting  up  of  eddy  currents,  and  to 
hysteresis — as  evidenced  by  the  heating  of  the  iron  core. 
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The  frequency  of  the  secondary  current,  however,  is  the 
same  as  that  of  the  primary  current. 

Transformers  are  represented  diagrammatically  as  in 
Figs.  310  and  311,  P  being  the  primary  and  S  the  second- 
ary in  each  case.  The  first  represents  a  step-up  aud 
the  second  a  step-down  transformer,  the  difference  in  the 
number  of  turns  in  P  and  S  indicating  this. 

Dr.  S.  P.  Thompson  has  pointed  out  that  the  static 
transformer  may  be  regarded  as  a  separately-excited 
altemating-cuiTont  dynamo  in  which  there  are  no  moving 
parts;  the   necessary  fluctuations   of  the   magnetic  field 

being  brought  about  by 
the  use  of  an  alternating 
exciting  current.  Re- 
garded in  this  light,  the 
primary  represents  the 
field  winding,  and  the 
secondary  the  armature 
winding. 

190.  Efficiency  and  Action  of  Static  Trans- 
formers.— In  a  well-built  transformer,  for  every  100  watts 
passed  through  the  primary,  from  about  85  to  97  will 
be  given  out  by  the  secondary;  or  in  other  words,  the 
efficiency  of  a  transformer  varies  from  about  85  to  97%. 
The  efficiency  of  any  given  transformer  is  not  a  constant 
quantity,  however,  it  being  greater  at  full  than  at  light 
load,  i,  e.  greatest  when  it  is  doing  its  maximum  of  work. 
If  all  the  losses  referred  to  in  the  previous  paragraph 
were  proportional  to  the  load,  the  efficiency  would  be  a 
constant  quantity;  but  it  happens  that  the  hysteretic  loss 
(or  loss  due  to  hysteresis)  is  the  same  at   all   loads,  for 
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I  Fig/310.— step- 
up  Transformer. 
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Fig.  311.— Step- 
down  Transformer. 


§  190.]    SELF-BEGULATION  OF  TRANSFORMER.         531 

which  reason  the  efficiency  varies.  The  hysteretic  loss 
increases  if  the  iron  core  be  allowed  repeatedly  to  heat  up 
past  a  certain  degree,  this  increase  being  said  to  be  due  to 
the  ageing  of  the  iron.  Ageing  may  be  avoided  by  keep- 
ing the  limit  of  rise  of  temperature  below,  say,  140°  Fahr. 

The  efficiency  also  depends  upon  other  considerations, 
such  as  the  form  of  the  curve  and  the  frequency  of  the 
exciting  current,  and  the  inductance  or  non-inductance  of 
the  load  (§§  42,  60). 

The  connection  between  the  static  transformer  and  the 
choking  coil  (§  50)  is  a  very  close  one.  In  fact  the  trans- 
former might  be  described  as  a  choking  coil  with  the 
addition  of  the  secondary  winding.  Now  when  the 
secondary  circuit  is  open,  the  apparatus  acts  exactly  like 
such  a  coil ;  and  tlie  inductance  in  the  primary  is  very 
great,  so  that  there  is  little  absorption  of  energy.  When 
the  secondary  circuit  is  closed,  and  as  its  resistance  is 
diminished,  i.e,  as  more  and  more  load  is  put  on  and 
the  current  drawn  from  the  transformer  increases,  the 
inductance  decreases,  and  more  and  more  of  the  energy 
of  the  primary  circuit  is  absorbed. 

This  self-regulating  effect  may  be  explained  as  follows. 
When  the  secondary  circuit  is  open,  the  magnetization  of 
the  iron  core  is  due  to  the  primary  coil  alone ;  and  this 
alternating  magnetization  is  such  as  to  set  up  an  alter- 
nating counter  E.M.F.  in  the  primary,  just  as  with  a 
choking  coil.  As  the  current  drawn  from  the  secondary 
is  increased,  the  magnetization  due  thereto,  which  is  in 
opposition  to  that  of  the  primary  coil,  causes  the  in- 
ductance of  the  latter  to  decrease,  so  that  the  current 
passing  through  it  is  also  increased.     In  short,  the  power 
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absorbed  by  the  primary  circuit  of  a  transformer  varies 
with  that  taken  from  the  secondary  circuit. 

The  current  that  may  be  drawn  from  the  secondary 
circuit  is  limited  by  the  size  of  the  conductor,  and  if  too 
much  be  taken,  the  transformer  will  overheat.  If  the 
secondary  of  a  transformer  were  short-circuited,  the  heat 
generated  therein  might  become  so  great  as  to  destroy  the 
insulation.  To  prevent  this,  both  primary  and  secondary 
circuits  should  be  provided  with  fuses.     Beyond  a  certain 

limit,  which  is  repre- 
sented by  the  full  capac- 
ity of  the  transformer, 
the  terminal  pressure  at 
the  ends  of  the  secondary 
circuit  will  drop  consider- 
ably as  the  current  drawn 
therefrom  is  increased. 

*191.  Construction 
OF  Transformers.  — 
Practically  all  static 
transformers  now-a-days 
have  a  closed  magnetic  circuit,  that  is  to  say,  the  circuit 
is  formed  wholly  of  iron,  as  shown  diagrammatically  in 
Fig.  312.  The  ordinary  induction  coil,  which  is  represented 
by  Fig.  309,  may  be  termed  an  open-circuit  transformer. 

The  first  transformer,  constructed  by  Faraday,  was  of 
the  closed-circuit  type,  and  consisted  of  a  solid  iron  ring^ 
(Fig.  313)  on  separate  portions  of  which  the  primary  and 
secondary  coils  F  and  S  were  wound.  With  this  he  made 
the  discovery  of  electro-magnetic  induction.  Experience 
has  pointed  out  two  grave  drawbacks  in  this  form :  firstly, 


Fio.  312.— Simple  Closed-circuit 
Transformer. 


§  192.]  LAMINATION  OF  CORES.  633 

the  inevitable  leakage  of  the  magnetism,  due  to  the  wind- 
ings of  the  coils  being  on  separate  parts  of  the  ring,  so  that 
all  the  magnetic  lines  set  up  by  the  primary  do  not  pass 
through  the  secondary ;  and  secondly,  the  great  waste  of 
energy  due  to  hysteresis  in  the  solid  iron  (Chap.  VI.  and 
§189). 

It  is  essential  that  the  iron  parts  of  transformers  should 
be  built  up  of  very  thin  sheet  stampings  of  pure  iron,  and 
that  the  primary  and 
secondary  windings 
should  either  be 
placed  one  above  the 
other,  or  close 
together  side  by  side, 

the    magnetic  circuit         ||lj|l  IIUHr 

being  kept  as  short  as 
possible.  The  core 
plates  are  usually 
about  20  mils  (one- 
fiftieth  of  an  inch)  in 
thickness  :     and    are  „     „,„     ^.  R.     ^    ,  ,« 

Fig.  313.— Diagram  of  Faraday's  Transformer. 

separately    varnished 

before  being  piled  together,  so  that  they  are  electrically 
insulated  one  from  another.  This  lamination  of  the  iron 
must  be  such  that  the  iron  is  continuous  in  the  path  of  the 
lines  of  force,  but  discontinuous  in  a  direction  at  right 
angles  to  this,  that  is  in  the  direction  in  which  eddy 
currents  would  tend  to  be  set  up. 

*192.  Transformer  Sections. — The  following  figures 
show  different  forms  of  iron  core,  and  the  ways  in  which 
the  primary  and  secondary  coils  may  be  mounted  thereon. 
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Fig.  314.— Transformer  Section. 
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In  Fig.  314,  the  core-plate  CP  is  of  rectangular  shape, 
with  two  holes  punched  through.  One  side  is  cut  through 
at  c,  so  that  the  middle  piece  ?7i  may  be  bent  up  like  a  flap 

to   facilitate   the    in- 
sertion of  the  coils  P 
and  S;  it  being  bent 
back  flat  again  when 
the  coils  are  in  posi- 
tion.    A   perspective 
view  of  this  type  is 
given     in    Fig.    315, 
where    OP    are   the 
core-plates,  and  P  and 
S   the    primary    and 
secondary  coils,  these  being  separately  wound  and  bound  up 
with  insulation  before  being  put  in  the  "shell."     Some- 
times the  core-plates 
have  one  long  oblong 
hole  punched  through 
them,  as  in  Fig.  316  ; 
the  piece  p  punched 
out,  when  placed  cross- 
wise,   serving    to    fill 
the  gap  in  the  centre  of 
the  coils,  as  indicated 
by  the  dotted  line. 
Very      often      the 
primary  and  secondary  coils  of  the  above  and  other  types 
of  transformer  are  wound  in  sections.     For  instance,  the 
primary  may  be  wound  in  two  separate  coils,  and  these 
mounted  with  the  secondary  sandwiched  between  them, 


Fig.  315.— Shell  Transformer. 
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the  two  halves  of  the  primary  being  then  joined  in  series 
or  in  parallel  as  desired.  This  is  illustrated  diagrammatic- 
ally  in  Fig.  317,  where  P,  P  are  the  two  halves  of  the 
primary,  and  S  the  secondary  winding. 


Fig.  316. — Transformer  Core-plate. 

In  Figs.  314  and  317  the  section  of  the  ''winding"  is 
indicated  by  a  sort  of  lattice-work.  This  is  the  usual  way 
of  showing  a  section  of 


winding  in  a  diagram, 
it  being  much  more 
convenient  than  draw- 
ing a  number  of  small 
circles  to  represent 
the  wires. 

193.  Core  and 
Shell  Transform- 
ers.— A  co7*e  tra'iiS' 
former,  such  as  that 
depicted  in  Fig.  312,  has  its  core  enclosed  by  the  windings. 
The  result  is  a  long  magnetic  circuit,  and  a  relatively 
large  weight  of  copper  is  needed  in  the  windings;  but 
it   is  a   type   that  is   easily   wound,  and  it  possesses  a 


Fig.  317.— Transformer  Section. 
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good  cooling  surface.    High  insulation  is  also  more  easily 

obtained. 

A  shell  transformer,  such  as  that  shown  in  Fig.  315,  has 

its  windings  nearly  wholly  surrounded  by  the  core,  and  its 

copper  and  magnetic  circuits  are  about  equal  in  length. 

Its  advantage  over  the  core  type  is  that  it  possesses  a 

shorter  magnetic  circuit,  and 
takes  a  smaller  magnetising 
current,  with  a  less  weight  of 
copper.  The  coils,  however, 
are  not  readily  accessible,  and 
are  less  able  to  get  rid  of  their 
heat  than  in  the  core  type. 

It  will  be  seen  that  the 
advantages  and  disadvantages 
of  the  one  type  are  about 
equal,  though  opposite,  to 
those  of  the  other.  That  this 
is  the  case  is  evident  from  the 
fact  that  both  types  are  used 
commercially.  Thus  the  trans- 
formers shown  in  Figs.  318 
and  321  are  of  the  core  variety, 
while  those  in  Figs.  323  and 

327  belong  to  the  shell  class. 

The  question  of  cooling  has  been  referred  to  above.     It 

is  necessary  that  air  should  have  access  to  the  windings  in 

order  that  the  heat  generated  therein  may  be  carried  off. 

To  this  end,  in  transformers  of  the  shell  type,  special 

provision    has    to   be   made   for   the   ventilation   of  the 

windings. 


Fig.  318. — Transformer  complete 
(Johnson  and  Phillips). 
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As  every  type  of  static  transformer  consists  of  primary 
and  secondary  windings  interlinked  in  some  way  by  a 
laminated  iron  core  or  frame,  there  is  naturally  a  strong 
family  likeness  between  the  different  makes.  It  has  there- 
fore been  thought  sufficient  to  illustrate  and  describe  four 
actual  forms  only,  as  in  the  next  four  paragraphs. 

194.  Johnson  and  Phillips  Transfobmer. — This  is 


Fig.  319.— Transformer  ia  parts  (Johnsou  and  Phillips). 

shown  complete  and  in  parts  in  Figs.  318  and  319  respect- 
ively, from  which  it  will  be  evident  that  it  belongs  to  the 
core  type.  The  iron  circuit  consists  of  two  laminated 
cores,  C,  0,  and  laminated  yoke-pieces,  Z",  Y,  These  are 
built  up  of  varnished  soft  iron  plates ;  those  of  the  cores 
varying  in  width,  so  that  the  latter,  when  built  up,  have 
an  octagonal  section.  Where  the  cores  and  yokes  join 
together  the  plates  are  unvarnished  and  interleave,  so  as 
to  form  good  magnetic  connection.     Before  the  coils  K,  K 
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are  put  on,  the  cores  are  taped  and  varnished,  and  their 
octagonal  section  provides  for  efficient  ventilation  when 
K,  K  are  in  position,  the  micanite  and  paper  coil-bobbins 
being  circular.  There  are  two  of  these  bobbins  on  each 
leg,  fitting  one  inside  the  other;  the  secondary  winding 

being   on   the   inner, 
(7^  and  the   primary  on. 

the  outer  bobbin 
Each  winding  is 
divided  into  sections 
separated  by  insulat- 
ing flanges  Fy  F,  F  on 
the  bobbins.  T  shows 
one  pair  of  terminal 
blocks,  which  are 
fixed  on  the  yoke. 
Each  brass  terminal 
is  mounted  on  a 
porcelain  base,  and 
the  latter  on  a  wooden 
block. 

In  the  complete 
transformer  shown  in 
Fig.  318,  the  two 
primary  terminals  are 
mounted  on  a  single  porcelain  slab  placed  on  the  top  of 
the  core;  while  on  a  similar  slab  at  the  side  are  fixed 
the  three  secondary  terminals,  this  particular  transformer 
being  designed  for  3-wire  work  (§  197).  These  trans- 
formers are  usually  mounted  in  iron  cases,  something 
similar  to  that  shown  in  Fig.  322. 


Fig.  320.— Ferranti  Transformer  (section). 
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195.  The  Ferranti  Transformer. — The  iron  circuit 
of  this  transformer,  which  is  of  the  core  type,  is  a  par- 
ticularly  good   one,   there  being   only  one  set  of  joints 


Fig.  321. — Ferranti  Transformer  with  Wire  Shield  Case. 


therein.  This  will  be  understood  from  Fig.  320,  showing 
a  section  of  the  transformer.  Here  it  will  be  seen  that 
the  core  JT,  K'  consists  of  a  number  of  plates  bent  up  into 
a  U -shape,  and  then,  after  the  windings  have  been  put 
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on,  bent  over  and  overlapped  at  the  top  as  at  K\  The  core 
is  compressed  and  kept  in  shape  by  top  and  bottom  cast- 
iron  plates  F",  F,  the  bolts  B,  B,  and  set  screws  S^,  S,  >?,  ^, 
The  primary  and  secondary  windings  are  in  two  sections. 
The  secondary  S,  S  is  next  to  the  core,  with  air  spaces 


Fig.  322.— Ferranti  Transformer  in  Iron  Case. 

Ay  A  between,  and  over  it  is  slipped  the  primary  P,P, 
the  two  being  separated  by  thick  mica  insulation  M,  M. 
Mica  strip  is  interposed  between  the  layers  of  the  primary 
winding,  and  there  is  alj-o  a  layer  of  mica  between  the 
secondary  and  the  air  spaces  next  to  the  core. 

Fig.  321  shows  a  complete  transformer  in  a  wire-shielded 
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case,  the  wire  netting  on  two  sides  being  removed.  This 
particular  transformer  is  for  three-wire  work  (§  197),  the 
cables  leading  from  the  two  outer  terminals  and  the 
middle  terminal  of  the  secondary  winding  being  shown 
to  the  right  of  the  figure.  One  of  the  primary  leads  may 
be  seen  on  the  left.  Another  way  in  which  the  trans- 
former is  arranged  is  as  shown 
in  Fig.  322.  Here,  on  the  right, 
the  transformer  is  seen  lifted  out 
of  its  iron  case  and  supported  on 
the  top  of  the  same;  while  on 
the  left  it  is  lowered  into  the 
case  and  the  whole  closed  up.  In 
this  construction  the  terminals, 
together  with  the  necessary  fuses, 
are  in  a  separate  chamber  on  the 
top. 

196.  The  Berry  Trans- 
former.— This  apparatus  differs 
very  much  in  form  from  those 
transformers  already  described. 
It  consists  of  a  number  of  inner 
and  outer  vertical  and  radial 
laminated  iron  blocks  built  up  of 
the  usual  thin  sheet  iron,  with  the  coils  between.  The 
magnetic  circuit  is  completed  at  the  top  and  bottom  by 
other  laminated  blocks  placed  horizontally;  and  the  whole 
is  held  together  between  top  and  bottom  cast-iron  frame- 
plates  by  a  bolt  passing  right  down  the  centre.  Fig.  323 
gives  a  general  view,  W  being  the  winding,  and  B,B,B, 
etc.,  the  outer  laminated  blocks. 


Fig.  323.— Berry  Transformer 
(British  Elec.  Trans.  Mfg.  Co.). 
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The  construction  will  be  better  understood  from  Fig. 
324,  where  we  may  suppose  that  the  top  cap  and  laminated 
cross-pieces  have  been  removed.  Here  /, /,  /  and  0, 0, 0  are 
respectively  the  inner  and  outer  radial  vertical  blocks,  P 
the  primary,  and  S,  S  the  secondary;  the  latter  being  in  two 
sections  with  the  primary  sandwiched  between,  as  an  extra 
precaution  against  shock.  It  will  be  evident  that  this  form 
of  transformer  possesses  excellent  ventilation ;   and   this 

is  still  further  en- 
hanced by  opening 
out  the  winding  at 
intervals  to  leave  venti- 
lating apertures,  as  at 
A,  A,  A,  Fig.  324 
shows  only  6  sets  of 
radial  blocks,  but  the 
usual  plan  now  is  to  pro- 
vide 24  or  36,  according 
to  the  size  of  the  trans- 
former. That  in  Fig. 
323  has  about  20  sets. 
197.  Special  Transformers. — By  means  of  a  3-mre 
transformer  a  three-wire  distribution  network  may  be 
fed  from  a  2-wire  circuit.  The  only  difference  between 
this  and  an  ordinary  transformer  is  that  an  extra  connec- 
tion is  made  to  the  middle  of  the  secondary  winding,  this 
being  for  the  third  wire.  A  transformer  of  this  type  was 
illustrated  in  Fig.  321.  Diagrams  of  such  transformers, 
and  of  the  way  they  are  joined  up  in  circuit,  will  be  found 
in  §§  232  and  234.  There  also  are  given  descriptions  of 
other  special  transformer  arrangements. 


Fig.  324. --Berry  Transformer  (section). 
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The  term  booster  is  generally  applied  to  certain  forms 
of  rotary  transformer,  as  explained  in  §  204.  There  is, 
however,  a  form  of  static  transformer  which  is  sometimes 
referred  to  as  a  static  booster,  though  it  would  possibly  be 
less  ambiguous  to  call  it  a  regulating  transformer.  It  is 
specially  designed  for  adjusting  the  pressure  on  feeders 
(§  221).  Thus  in  Fig.  325,  B  are  the  station  bus-bars,  B 
the  regulable  transformer,  F  the  2-wire  feeders,  and  T 
a  distant  transformer  feeding  into  the  low-pressure  3-wire 
distributing  network  iV".  The  two  ends  of  the  primary,  and 
one  end  of  the  secondary  of  B,  are  connected  to  the  bus 


1 


N 


Fig.  325.  —Static  Booster. 


bars  as  shown.  The  other  end  of  the  secondary,  as  well 
as  a  number  of  intermediate  points,  are  joined  up  to  a 
multiple-way  switch  S,  to  which  one  of  the  feeder  con- 
ductors is  attached,  the  other  feeder  main  being  connected 
to  the  opposite  bus-bar.  As  will  be  evident  from  the 
figure,  by  manipulating  S  extra  volts  may  be  added  to 
the  bus-bar  pressure  at  will,  and  the  drop  along  F 
compensated  for.  ^  is  a  step-transformer,  the  total 
secondary  P.D.  being  comparatively  small. 

The  above  device  possesses  rather  serious  drawbacks,  in 
that  the  switch  S  has  to  carry  the  main  current,  and  that 
the  supply  would  be  stopped  if  the  switch  got  out  of  order. 
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Kapp  improved  on  the  arrangement  by  putting  the  switch 
in  the  primary  circuit,  as  illustrated  in  Fig.  326.     Here  B 

are  the  bus  bars,  F 
the  feeder  cables, 
and  H  the  regul- 
able or  booster 
transformer.     The 


Fig.  326.— Static  Booster. 


contact    studs     of 
the   switch   S  are 


joined  up  to   different  points   in   the   primary,   so   that 
the   booster  volts   induced    in  the  secondary,  which   are 

additional  to 
those  derived 
from  the  bus 
bars, are  adjusted 
as  required. 

The  multiple- 
way  switch 
is  a  distinct 
disadvantage 
in  both  the 
above  arrange- 
ments, owing  to 
spark-wear,  etc. 
In  a  form  of 
regulable  trans- 
former manufac- 
tured by  Messrs. 
Cowans,  no  switch  is  necessary.  The  whole  of  the  primary 
and  part  of  the  secondary  winding  are  mounted  on  a 
rotatable    core    and    shaft    something   like    the    shuttle 


Fig.  327. —Cowan  Regulable  Transformer. 
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Fio.  328. — Diagrams  of  Cowan's  Regulable  Transformer. 


N  N 
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armature  of  a  small  bipolar  dynamo,  and  the  position  of  this 
core  is  adjusted  by  a  hand-wheel  and  worm-gear.  By  such 
means  the  P.D.  induced  may  be  varied  from  zero  upwards. 

The  external  appeara,nce  of  the  apparatus  •  will  be 
gathered  from  Fig.  327,  where  the  hand-wheel  and  worm- 
gear  which  rotate  the  shaft  are  clearly  shown.  Fig.  328 
(A  and  B)  gives  two  sectional  diagrams  of  the  transformer. 
With  the  core  in  the  position  shown  at  A,  the  maximum 
effect  is  obtained,  the  flux  due  to  the  primary  winding 
P,  P,  passing  through  the  rotatable  and  fixed  portions  of 
the  secondary  S,  S,  S,  S  in  the  same  sense,  as  indicated  by 
the  dotted  lines  and  arrows.  In  the  position  shown  at  B, 
where  the  core  has  been  turned  through  180°,  no  volts  are 
induced  in  the  secondary,  for  though  the  primary  flux 
cuts  the  rotatable  portion  of  the  secondary  in  the  same 
sense  as  before,  it  cuts  the  fixed  portion  in  the  opposite 
sense  ;  and  as  these  two  portions  have  equal  effects,  no  P.D. 
is  set  up.  The  volts  induced  by  the  apparatus  thus  vary 
according  to  the  position  of  the  rotatable  core.  Contact 
between  the  fixed  and  rotatable  portions  is  effected  by 
means  of  slip  rings  and  brushes.  The  connections  shown 
in  the  figures  are  as  for  boosting  purposes,  volts  being 
added  to  the  feeder  circuit  F  as  required.  This  transformer 
is  also  used  for  testing  work. 

The  ordinary  static  transformer  is  a  constant  potential 
one,  for  the  P.D.  at  its  secondary  terminals  is  kept 
uniform  through  normal  variations  of  load.  For  some 
purposes,  such  as  for  series  arc  or  glow  lamp  lighting,  it 
is  necessary  for  the  transformer  to  maintain  a  constant 
current  round  the  circuit.  Such  a  constant-current  trans- 
former may  be  evolved  by  introducing  a  choking  coil  into 
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the  primary  circuit  of  an  ordinary  transformer  so  as  to 
increase  its  inductance.  Better  regulation,  however,  is 
obtained  by  using  transformers  in  which  the  distance 
between  the  primary  and  secondary  coils  is  automatically 
increased  or  diminished,  so  that  the  E.M.F.  induced   is 


Fig.  329. — Single-phase  Transformers  on  Two-phase  Circuit. 

decreased  or  increased  to  fit  the  conditions  of  the  outside 
circuit.  Such  a  transformer  is  used  in  the  Ferranti  rectifier 
and  is  described  in  §  207. 


Fig.  330. — Single-phase  Transformers  on  Three-phase  Circuit. 

198.  Ordinary  Transformers  on  Polyphase  Systems. 
— Both  2-  and  3-phase  systems  require  either  three 
or  fonr  conductors  for  the  transmission  of  their  energy, 
the  number  depending  on  the  circuit  arrangements 
adopted.  Fig.  329  represents  a  diphase  generator,  the 
two  currents  of  which  are  kept  quite  distinct,  and  are 
stepped  down  by  ordinary  single-phase  transformers  T,  T 
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-Diagram  of  Two-phase 
Transformer. 


to  feed  separate  circuits  at  C,  C,    Similarly  Fig.  330  repre- 
sents a  3-phase  generator  feeding  separate  circuits,  (7,  C,  C 

through  single-phase  trans- 
formers T,  T,  T.  These,  how- 
ever, are  simple  cases  only. 

199.  Two-  AND  Three- 
Phase  Transformers. — In- 
stead of  employing  separate 
transformers,  it  is  more 
economical,  as  far  as  iron  is 
concerned,  to  combine  the 
windings  on  a  common  core, 
and  Figs.  331  and  332  show 
diagrammatically  the 
arrangement  of  2-  and  3-phase  transformers  respectively. 

The  core  section  in  the 
former  is  of  that  shape  so 
common  in  single-phase 
transformers  (Fig.  314); 
while  the  latter  consists 
of  three  cylindrical  cores 
united  by  a  common  yoke 
at  each  end. 

200.  Phase  Trans- 
formers.— A  phase  trans- 
former is  one  for  altering 
the  character  of  an  alter- 
nating supply.  By  means 
of  such,  monophsise  may 
be  converted  into  either  2-  or  3-phase,  or  vice  versa;  or 
2-phase  into  3-phase,  or  3-phase  into  2-phase  currents. 


-Diagram  of  Three-phase 
Transformer. 
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There  are  various  methods  of  attaining  these  ends,  and  the 
transformers  are  either  static  or  rotary,  or  a  combination  of 
both.  The  consideration  of  these,  however,  does  not  come 
within  the  scope  of  this  book. 

The  student  desiring  full  information  concerning  poly 
phase   working    cannot    do   better    than    consult    S.   P. 
Thompson's  admirable  treatise,  Polyphase  Electric  Currents. 

201.  Theory  and  Calculations. — Referrins:  to  Fig. 
312  representing  a  simple  transformer,  when  current  is 
sent  through  the  primary,  E.M.F.  is  induced  not  only  in 
the  secondary  but  also  in  the  primary  winding,  the  latter 
being  a  back  E.M.F. 

If  Ep  be  the  back  E.M.F.  induced  in  the  primary 
circuit,  n  the  frequency,  Tp  the  number  of  turns  in  the 
primary,  and  F  ^^®  maximum  total  flux  passing  through 
the  core  : — 

Ep  (in  virtual  volts)  =  "^'^^^VF  (j  ) 

Similarly  Es  =  ^'^^J^J^  ^  (II.) 

where  Es  and  Ts  are  respectively  the  virtual  pressure 
induced  and  the  number  of  turns  in  the  secondary  wind- 
ing. 4*45  is  the  value  of  the  coefficient  for  a  sine  wave 
of  E.M.F.,  but  this  is  slightly  different  for  waves  of  other 
forms  (§  42). 

Any  one  of  the  quantities  given  above  can  be  found 
if  the  others  be  known,  one  example  of  the  use  of  the 
formulae  being  as  follows. 

Example. — The  net  sectional  area  of  the  core  of  a  transformer  is 
46'5  square  inches,  and  the  alternating  flux  due  to  the  primary  is 
equivalent  to  3000  lines  per  square  inch.     The  frequency  being 
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50  '-'  per  sec,  how  many  turns  must  the  secondary  winding  have 
in  order  that  it  may  generate  an  E.M.F.  of  255  volts  on  open  circuit? 

Taking  formula  II.,  above  : — 

F=  46-5  X  3000,  n  =  50,  Es  =  255,  and  Ts  is  required. 

Transposing  formula  II : — 

rpg  _  Es  X  108 


4-45  n  F 
25£ 
4-45  X  50  X  139500 


m,  255  X  108 

Is  =  -  -  .    -^—  =  822  turns. 


When  a  transformer  is  on  open  circuit,  the  ratio  between 
the  E.M.Fs.  in  the  two  windings  is  exactly  proportional 
to  the  ratio  between  the  numbers  of  turns,  or : — 

Ep  :  Es  : :  Tp  :  Ts. 

k  being  termed  the  ratio  of  transformation.  Thus  if  the 
secondary  have  one-tenth  the  number  of  turns  that  the 
primary  has,  its  E.M.F.  will  be  one-tenth  that  of  the 
primary,  and  so  on. 

In  practice  it  is  usual  to  speak  of  the  ratio  of  trans- 
formation as  10,  20,  or  30  to  1  as  the  case  may  be,  instead 
of,  if  a  step-down  transformer,  ^V^^^  -iir^K  or  ^V^^  ^^  1- 
Thus  a  20  to  1  step-down  transformer  is  one  in  which  the 
secondary  volts  are  aV*-^  of  the  primary  volts.  A  20  to  1 
step-up  transformer  is  one  in  which  the  secondary  pressure 
is  20  times  as  great  as  that  in  the  primary. 

Let  Vp  be  the  P.D.  at  the  terminals  of  the  primary 
winding,  and  Vs  that  at  the  terminals  of  the  secondary 
winding ;  and  Rp  and  Rs,  and  Cp  and  Cs  their  respective 
resistances  and  currents.  Then  the  loss  of  volts  in  the 
primary  will  be  Rp  Cp,  and  that  in  the  secondary  Rs  Cs. 
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And  :— 

Vp  =  Ep  +  Rp  Cp  (IV.) 

and  Vs  =  Es  -  Rs  Cs  (V.) 

Vp,  it  may  be  explained,  are  the  volts  actually  applied 
at  or  impressed  on  the  terminals  of  the  primary  circuit ; 
and  a  portion  (Rp  Cp)  of  these  is  lost  in  forcing  the  current 
through  the  resistance  of  the  winding.  The  remainder 
(Ep)  is  that  portion  required  to  overcome  the  back  E.M.F. 
when  the  transformer  is  on  open  circuit;  but  when  the 
secondary  circuit  is  closed,  more  or  less  of  Ep  is  employed 
as  inducing  E,M,F.  In  other  words,  when  a  transformer  is 
on  open  circuit,  ^.  e,  when  its  secondary  is  on  open  circuit, 
the  E.M.F.  (equal  to  Ep)  induced  in  the  primary  acts  wholly 
as  back  E.M.F.,  the  apparatus  then  being  simply  a  choking 
coil.  Directly  current  is  drawn  from  the  secondary,  part 
of  the  primary  E.M.F.  is  employed  in  inducing  this  current, 
or  rather  in  keeping  up  the  pressure  in  the  secondary : 
the  back  EM.F.  is  consequently  reduced,  and  a  greater 
current  allowed  to  flow  through  the  primary.  As  more  and 
more  current  is  drawn  from  the  secondary,  so  less  and  less 
becomes  the  proportion  of  Ep  overcoming  the  back  E.M.F., 
and  the  greater  the  proportion  acting  as  inducing  E.M.F. 
The  greater  also  becomes  the  current  flowing  through  the 
primary.  This  self-regulating  efiect  of  a  transformer  was 
alluded  to  in  §  190,  and  is  somewhat  similar  to  that  of  a 
motor.  The  E.M.F.  (Es)  induced  in  the  secondary  is 
greater  than  the  P.D.  at  the  secondary  terminals  (Vs),  by 
an  amount  equivalent  to  the  volts  lost  therein  (Rs  Cs). 

If  we  disregard  the  small  losses  due  to  magnetic 
leakage,  hysteresis,  and  eddy  currents ;  the  power  absorbed 
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in  the  primary,  apart  from  that  wasted  by  ohmic  resistance, 
may  be  assumed  to  be  equal  to  that  generated  in  the 
secondary.  In  other  words,  we  may  say  that  the  inductive 
work  done  in  the  secondary  is  practically  equal  to  the 
magnetizing  work  done  in  the  primary. 


That  is :—               Ep  Cp  =  Es  Cs, 

•  Es  _  Cp. 
'*''■                                 Ep      Cs  ' 

but  by  m.:-                 k=^^, 

so  that :—                         k  -  pP 

Cs 

and  : —                          Cp  =  k  Cs. 

(VI.) 

Now  by  IV.  and  VI.     Ep  =  Vp  -  Rp  Cp 

(VII.) 

=  Vp-kRpCs 

(VIII.) 

By  III.:—                     Es  =  kEp 

(IX.) 

Substituting  the  latter  for  the  former  in  V,  we  get : — 

Vs  =  kEp-RsCs.  (X.) 

This  formula,  amongst  other  things,  enables  the  second- 
ary terminal  pressure  to  be  found,  when  the  current  to  be 
drawn  therefrom,  and  the  E.M.F.  induced  in  the  primary 
are  known. 

The  following  is  one  of  various  practical  problems  that 
may  be  solved  by  the  above  formulae. 

Example. — A  well-designed  transformer,  liaving  a  primary  coil  of 
750  turns  with  a  resistance  of  4*5ai,  is  connected  with  a  2000  volt 
circuit,  and  is  taking  8  amperes  therefrom.  The  secondary  winding 
has  100  turns,  and  its  resistance  is  'Olw.  Neglecting  the  small 
leakage,  eddy-current,  and  hysteretic  losses,  calculate  the  P.D.  at  the 
secondary  terminals  when  300  amperes  are  being  drawn  from  it. 
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Using  the  above  formulae,  we  first  find  the  ratio  of  transformation, 
which  is : — 

By  III. :—  k  =  15_^  =  -133 

^  750 

By  VII. :—  Ep  =  2000  -  (4*5  x  8) 

=  1964  volts. 

And  by  IX. :—  Es  =  1964  x  -133  =  261  volts. 

Then  by  V.  :—  Vs  =  261  -  (01  x  300) 

=  258. 

Thus  the  P.D.  at  the  secondary  terminals  will  be  258  volts. 
Vs  may  also  be  got  by  means  of  formula  X. 

*202.  Rotary  Transformers. — As  already  explained 
(§  187),  a  rotary  transformer  or  motor  transformer  is  a 
combination  of  a  motor  and  a  dynamo  or  alternator,  and 
hence  is  often  termed  a  motor-generator.  By  means  of 
such  a  machine,  electrical  energy  is  changed  either  in 
pressure  or  character,  or  in  both.  In  one  case  the  supply  to 
be  transformed  is  led  into  a  motor,  and  this  being  coupled 
to  a  generator,  the  latter  gives  out  currents  of  the  pressure 
and  character  desired.  Such  a  combination  with  motor 
and  generator  armatures  quite  distinct  is  more  rightly 
termed  a  motor-generator  than  a  rotary  or  motor  trans- 
former ;  the  latter  term  being  more  applicable  to  those 
machines  in  which  the  motor  and  generating  parts  are 
mounted  on  a  common  core.  In  the  latter  case,  the 
windings,  though  mounted  on  the  same  core,  are  usually 
quite  distinct ;  but  in  some  special  machines,  one  set  of 
windings  acts  for  both  sides  of  the  system  (§§  79a  and  205). 

The  direct-current  transformer  (frequently  also  termed 
a  motor-dynamo)'^   is  one  for  either   lowering  or  raising 

^  The  term  dynamotor  is  sometimes  used  in  the  same  sense,  but 
the  name  is  obviously  a  loose  one,  inasmuch  as  a  direct- cur  rent  trans- 
former is  always  a  motor  firstly ,  and  a  generaXor  secondly^  so  to  speak. 
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the  pressure  of  a  direct  current,  but  usually  the  former. 
Sometimes  the  primary  and  secondary  armature  windings 
(as  we  may  term  those  of  the  motor  and  dynamo 
respectively)  are  wound  on  separate  cores  revolving  in 
separate  fields;  while  sometimes  they  are  mounted  on 
the  same  core,  though  kept  separate,  and  revolve  in  a 
common  field.  Each  winding  of  course  has  its  separate 
commutator.     The  coils  of  the  field  magnet  or  magnets 


Fig.  333.— Motor-Dynamo  (Keighley  Elec.  Eng.  Co.). 

are  sometimes  connected  in  shunt  to  the  secondary 
armature,  and  sometimes  to  a  separate  source  of  current. 
*203.  Types  of  Motor-Generator. — Fig.  333  repre- 
sents an  ordinary  motor-dynamo,  formed  by  coupling  the 
shafts  of  tw^o  direct-current  machines  together,  and  using 
one  as  a  motor  to  drive  the  other  as  a  dynamo.  The  two 
field  windings  are  connected  up  in  parallel  to  the  secondary 
or  dynamo  terminals,  the  residual  magnetism  in  the  motor 
magnet  being  suflScient  to  start  the  machine. 
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The  uses  to  which  such  a  combination  may  be  put  are 
very  numerous.  In  distribution,  for  instance,  these 
machines  may  fce  employed  to  transform  down  from  high 
to  low  pressure,  as,  for  instance,  from  2000  or  1000  volts 
down  to,  say,  250 ;  the  motor  being  connected  with  the 
high-pressure  feeders,  and  the  dynamo  with  the  low-pressure 
distribution  network.  Then  again,  motor-dynamos  con- 
nected to  the  supply  mains  may  be  employed  to  reduce 
the  pressure,  as  for  electro-plating,  etc. ;  or  to  raise  it  for 
experimental  purposes. 

Fig.  334  shows  a  motor-dynamo  with  the  two  armature 
windings  on  a  single  core,  and  rotating  in  a  single 
magnetic  field.  The  latter  has  two  windings,  shunt  and 
series,  the  former  being  connected  to  the  secondary  ter- 
minals. The  series  winding  is  in  series  with  the  primary 
circuit,  and  its  function  is  to  increase  the  initial  field 
and  so  enable  the  motor  to  start  up  quickly.  As  soon  as 
the  machine  is  rotating  at  its  full  speed,  the  series  winding 
is  cut  out  by  an  automatic  switch,  which  is  operated  by  the 
stray  field  from  the  magnet  poles,  and  is  mounted  on  the 
top  thereof.  Should  the  machine  afterwards  become  de- 
magnetized from  any  cause,  the  switch  throws  the  series 
winding  in  circuit  again.  This  series  starting  winding  is 
not  necessary  in  every  case,  as  the  residual  field  of  the 
magnet  is  usually  sufficient  to  start  the  motor.  In  this 
particular  make  of  machine,  the  primary  and  secondary 
windings  are  placed  one  above  the  other  on  the  armature 
core,  with  an  earthed  metallic  shield  between  them  to 
prevent  the  high  pressure  leaking  into  the  low-pressure 
circuit.  As  may  be  judged  by  the  numbers  and  sizes  of 
the  brushes  on  the  two  commutators,  these  indicating  the 
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respective  current  densities,  the  high-pressure  commutator 
is  that  at  the  left-hand  end  of  the  machine. 

The  motor-generator  combination  shown  in  Fig.  335  con- 
sists of  a  three-phase  machine  coupled  to  a  direct -current 


Fig.  335. — Motor-Generator  (Electric  Construction  Co.). 

one,  the  latter  being  on  the  right-hand  side.  Such  may  be 
used  to  transform  3-phase  to  direct-current  or  the  reverse, 
this  depending  on  which  machine  is  used  as  the  motor. 

On  3-wire  systems,  motor-dynamos  with  equal  windings 
may  be  used  to  keep  balance  between  the  two  sides  of  the 
system.  Such  are  termed  balancers  or  equalizers,  and  their 
action  is  fully  explained  in  §§  225  and  22G. 


558 


ELECTRIC  LIGHTING,  ETC. 


[chap.  XVI. 


204.  Boosters. — The  term  booster  is  generally  applied 
to  certain  forms  of  rotary  transformer  which  are  used  for 
various  special  purposes,  in  which  only  a  slight  trans- 
forming-up  or  "boosting-iip"  of  the  driving  voltage  is 
required.  Thus  there  are  lattery- charging  boosters,  feeder 
boosters,  balancer  boosters,  etc.  A  reversible  booster  either 
adds  to  or  subtracts  from  the  line  voltage  (§§  227,  228). 

When  secondary  batteries  are  used  in  central  or  sub- 
stations to  supply  at  times  of  light  load,  the  ordinary 
bus-bar  or  feeder  pressure,,  as  the  case  may  be,  is  not 


FROM 

GENERATING 

STATION 


■^wowinnnr 


Fig.  336. — Rotary  Feeder-Booster. 

sufficiently  great  to  charge  them.  To  accomplish  this  a 
step-up  motor-dynamo  is  employed,  the  secondary  pressure 
of  which  is  just  sufficiently  higher  than  that  of  the  primary 
to  enable  it  to  charge  a  battery  which  discharges  at  the 
primary  voltage.  This  is  a  battery-charging  booster,  and 
its  action  was  fully  described  in  §   181. 

A  very  common  use  for  a  booster  is  to  make  up  for  the 
drop  in  volts  at  the  end  of  long  feeder.  Thus  in  Fig.  336 
F  and  S  are  the  primary  and  secondary  windings,  and  F 
the  field  coil  of  what  may  be  termed  a  rotaoy  feeder  booster, 
to  distinguish  it  from  the  static  feeder  boosters  mentioned 
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in  §  197.  P  and  F  are  con- 
nected as  a  series  motor  in 
circuit  with  one  of  the  feeder 
cables,  and  S  delivers  its  pres- 
sure to  the  cables  at  the  feed- 
ing point  FF,  increasing  the 
P.D.  at  this  point  where  they 
feed  into  the  distributing  net- 
work. Here  the  self-regulating 
action  of  the  booster  will  be 
apparent.  The  greater  the 
current  drawn  through  the 
feeder  cables,  the  greater  will 
be  the  tendency  for  the  pres- 
sure to  drop ;  but  the  machine 
will  counteract  this  tendency, 
as  its  speed  will  increase 
with  the  current. 

A  balancer  booster  is  formed 
by  coupling  four  machines  on 
one  shaft,  as  in  Fig.  337.  A 
description  of  the  use  of  such 
is  given  in  §  237.  A  re- 
versible booster  is  one  which 
boosts  in  either  direction  as 
required,  the  reversal  being 
automatic.  Such  machines, 
though  only  recently  intro- 
duced, have  been  found  to 
possess    so    many    excellent 
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qualities  that  their  use  is  rapidly  extending.  They  are 
fully  dealt  with  in  §§  227  and  228. 

There  are  various  other  booster  arrangements  which 
cannot  be  considered  here. 

205.  Current-Character  Transformers.— It  will  be 
clear  that,  by  coupling  the  right  kind  of  motor  to  the 
right  kind  of  generator,  the  character  as  well  as  the  pres- 
sure of  the  current  may  be  transformed  just  as  desired. 
Illustrations  of  such  machines  were  given  in  Figs.  229  and 
835 ;  and  some  idea  of  the  possible  combinations  will  be 
obtained  from  the  following  table: — 


MOTOR. 

GENERATOR. 

(a)  Polyphase. 

Single-phase. 

(6)  Polyphase. 

Direct. 

(c)  Single-phase. 

Direct. 

(d)  Direct. 

Polyphase. 

(e)  Direct. 

Single-phase. 

(/)  Direct. 

Direct. 

Type  /,  by  the  way.  is  not  a  character  transformer,  but 
a  pressure  transformer  simply.  This  class  of  machine  was 
the  first  to  come  into  extensive  use,  but  type  h  has  now 
become  the  most  important  combination,  as  it  is  employed 
in  connection  with  many  of  the  large  new  generating  and 
distributing  systems  (§  239). 

To  secure  the  advantages  of  polyphase  motors  in  fac- 
tories, when  the  supply  is  a  direct-current  one,  a  trans- 
former of  type  {d)  may  be  used  (Fig.  335).  In  the  case 
of  the  two  types  (b)  and  {d\  instead  of  coupling  a  self- 
contained  motor  to  a  generator,  the  two  machines  may  be 
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combined,  with  a  great  gain  in  efficiency.  The  double- 
current  generators  described  in  §§  79  and  79a  are,  as  a 
matter  of  fact,  examples  of  this  combined  construction ; 
for  they  will  act  as  rotary  transformers  of  these  two  classes 
when  driven  by  polyphase  or  direct  currents  respectively. 
Their  use  is  further  referred  to  in  §§  217  and  232. 

206.  Rectifiers. — A  rectifier  is  an  appliance  for  trans- 
forming single-phase  (and  sometimes  polyphase)  alternating 
into  intermittent  direct  or  rectified  current 

When  the  generators  in  a  central  station  are  of  the 
single-phase  alternating-current  type,  the  arc  lighting 
circuits  are  sometimes  supplied  with  rectified  current  fix)m 
•  Ferranti  rectifiers,  this  being  the  special  purpose  for  which 
these  machines,  which  are  fully  described  in  the  next  para- 
graph, were  designed. 

For  very  small  currents  the  Batten  rectifier  (§  208) 
will  be  found  useful. 

The  Nodon  ''valve"  (§  209)  may  be  termed  an  electrolytic 
rectifier.  This  is  a  comparatively  new  device,  but  it  is 
stated  to  be  capable  of  dealing  with  large  outputs. 

The  Coojper- Hewitt  rectifier  transforms  3-phase  into 
direct  current.  It  is  marvellously  simple,  consisting 
simply  of  a  vacuum  globe  fitted  with  five  special  elec- 
trodes. At  the  time  of  writing,  the  apparatus  has  hardly 
emerged  from  the  laboratory  stage  of  existence ;  and  its 
action,  moreover,  is  not  easy  to  explain  in  simple  language. 
Consequently,  we  shall  not  deal  further  with  it  here. 

Although,  broadly  speaking,  any  form  of  rectifier  might 
be  termed  a  transformer,  it  is  more  correctly  described  as 
a  commutating  machine  or  appliance;  the  commutation 
or  rectification  of  the  alternating  current  being  performed 

o  o 
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either  median ically,  as  in  the  Ferranti  and  Batten  rec- 
tifiers, or  chemically,  as  in  the  Nodon  valve. 

The  Nodon  and  Cooper-Hewitt  apparatus  are  sometimes 
termed  static  rectifiers^  as  there  are,  practically  speaking, 
no  moving  parts  in  them. 

207.  The  Ferranti  Rectifier. — This  apparatus  is 
designed  for  use  on  alternating-current  systems  where  it 
is  desired  to  avoid  the  employment  of  alternating  current 
for  the  arc  lighting.  It  may  be  roughly  described  as  con- 
sisting of  a  motor-driven  commutator  of  special  construc- 
tion, the  office  of  the  commutator  being  to  render  the 


Fig.  338.— Rectified  Current. 

waves  of  current  unidirectional.  The  resulting  pulsating 
direct  current,  which  is  led  round  the  lamp  circuit,  and 
which  may  be  diagrammatically  represented  as  in  Fig. 
338,  is  considered  to  possess  certain  advantages  over  the 
ordinary  unfluctuating  direct  current,  as  by  reason  of  its 
intermittent  character,  the  lamps  are  probably  less  liable 
to  stick  or  "  hang-up  "  as  it  is  termed. 

Since  it  was  first  introduced,  the  Ferranti  rectifier  has 
been  improved  in  construction  from  time  to  time,  and  its 
latest  form  is  as  shown  in  Fig.  339.  In  more  precise 
language  than  that  used  above,  its  action  may  be  thus 
described.  It  gives  out  to  the  arc-lighting  circuit  a 
rectified   current  which   is  kept  constant  whatever   the 
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number  of  lamps  in  circuit,  owing  to  the  rectified 
E.M.F.  varying  to  suit  the  requirements  of  the  circuit: 
and  it  is  fed  at  constant  potential  with  an  alternating 


Fig.  339.— Ferranti  Kectifier. 


current,  the  strength  of  which  varies  in  sympathy  with 
the  rectified  power  given  out.  It  consists  of  three  essential 
parts : — 

a.  A  transformer  in  which  the  two  coils  into  which 
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the  secondary  winding  is  split  up  are  movable ;  their  dis- 
tance from  the  primary,  and  therefore  the  E.M.F.  induced 
in  them,  varying  so  as  to  keep  the  current  in  the  arc- 
lighting  circuit  constant  in  spite  of  varying  resistance. 

6.  A  synchronous  alternating-current  motor,  i.  e,  one 
running  at  a  constant  speed  in  synchronism  with  the 
frequency  of  the  alternating  current  supply.     And — 

c.  A  specially  arranged  rectifying  commutator  driven  by 
the  motor. 

We  will  deal  first  with  tlie  transformer.  S,  S  are  the 
two  movable  secondary  coils,  and  P,  F  the  two  halves  of 
the  fixed  primary ;  a  separate  fixed  secondary  winding  being 
sandwiched  in  between  at  S^,  The  current  induced  in  the 
latter  is  used  for  driving  the  motor.  The  gun-metal  frames 
supporting  Sy  S  run  on  ball  bearings  carried  by  the  hori- 
zontal bar  H;  and  these  frames  are  geared  together,  through 
the  links  L,  Z,  by  the  quadrant  pieces  Q,  Q,  and  racks  B,  B, 
which  engage  with  a  corresponding  rack  cut  on  the  upper 
portion  of  a  counterpoise  C,  Except  for  weights  at  the 
bottom,  0  is  hollow,  and  slides  up  and  down  the  fixed  rod 
i?,  the  lower  end  of  which  carries  a  disk  closely  fitting  the 
inside  of  C,  which  is  filled  up  with  oil,  so  that  the  disk  acts 
as  a  dash-pot.  G  is  longer  than  appears  from  the  figure, 
the  lower  end  passing  beneath  the  floor.  A  similar  arrange- 
ment of  quadrants,  counterpoise,  etc.,  is  fitted  to  the  other 
side  of  the  machine.  The  three  fixed  and  the  two  moving 
coils  have  a  common  magnetic  circuit,  which  consists  of 
two  horizontal  laminated  cores  of  circular  section  in  the 
positions  KyK,  these  being  united  by  laminated  yoke- 
pieces  let  in  each  side  of  the  cast-iron  frame.  Fig.  340 
shows  one  of  the  movable  secondary  coils  in  diagram,  this 
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being  composed  of  two  inter-connected  coils  C,  C  fixed  in 
a  gun-metal  frame  FyF\  B,B  being  the  bearing  pieces 
which  run  on  the  balls.  Ky  K  are  the  two  fixed  horizonta 
iron  cores  over  which 
(7andO'move.  From 
this  it  will  be  evident 
that  each  of  the  so- 
called  coils  S,  S,  F,  P, 
and  S'  (alluded  to  in 
connection  with  Fig. 
339)  really  consists  of 
two  windings,  dis- 
posed as  in  Fig.  340, 
those  of  F,  F  and  S' 
being  fixed,  however. 
Returning  now  to 
Fig.  339,  let  us  con- 
sider the  action  of 
the  movable  coils  and 
their  gearing.  The 
counterpoise  0  tends 
to  pull  down  the  quad- 
rants Q,  Q,  and  so  keep 
the  coils  S,  S  close 
alongside  the  fixed 
primaries  P,  P ;  but  at 
times,  the  magnetic  repulsion  existing  between  F,F  and 
Sy  S  is  great  enough  to  force  the  coils  apart.  The  counter- 
poise, or  rather  the  counterpoises  (for  it  must  be  remem- 
bered that  there  is  one  on  each  side),  are  so  adjusted  that 
when  the  maximum  number  of  arc  lamps  is  in  circuit,  the 


Fig.  340.— Ferranti  Rectifier  (Section  of 
Cores  and  Coils). 
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secondaries  are  close  up  to  the  primaries,  and  the  maximum 
induction  takes  place  between  them.  If  any  of  the  arcs 
are  cut  out  of  circuit,  the  resistance  of  the  secondary 
circuit  (of  which  the  arc  lamps,  through  the  interconnec- 
tion of  the  commutator,  form  a  part)  is  decreased,  and  the 
induced  current  momentarily  increases.  The  repulsion 
between  the  coils  then  rises  above  the  normal,  and 
becomes  great  enough  to  overcome  the  counterpoises. 
The  coils  then  move  outwards  until  the  number  of  lines 
of  force  passing  through  them  is  so  far  reduced  as  to 
keep  the  current  at  its  normal  value.  So  sensitive  is  this 
aiTangement,  that  a  machine  which  at  one  moment  may 
be  supplying  40  lamps  on  a  series  circuit,  will  immediately 
adjust  itself  to  the  altered  conditions  if  10,  20,  or  more  of 
the  lamps  be  switched  off  simultaneously.  Indeed,  the 
rectified-current  circuit  will  suffer  short  circuiting  with 
practically  no  increase  in  the  secondary  current,  the  coils 
immediately  opening  out  to  their  utmost  extent.^ 

In  Fig.  339,  Sw  is  a  specially  constructed  quadruple 
water-break  switch,  through  which  the  constant  alternating 
current  from  the  secondary  coils  S,  S  passes  to  the  com- 
mutator GM,  The  construction  of  the  latter  is  shown 
diagrammatically  in  Fig.  341,  where  the  commutator  may 
be  supposed  to  have  been  cut  across  at  one  point,  and  then 
flattened  out.  The  brushes  B,By  to  which  the  ends  of  the 
lamp  circuit  are  connected,  press  on  two  insulated  collector 
rings  i24-,i2  — ,  placed  a  few  inches  apart,   and   having 

1  It  may  be  mentioned  here  that  Messrs.  Ferranti  make  a  constant- 
current  transformer  on  the  above  principle,  the  apparatus  resembling 
that  in  Fig.  339,  except  that  there  is  no  motor  and  no  rectifying 
commutator. 
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projections  PyP,P,F  thereon. 


Between  neighbouring 
pairs  of  projections 
are  two  contact  pieces 
IP,  IP,  which  are 
connected  together, 
but  unconnected  with 
P  or  P.  Between 
these  are  sets  of  in- 
sulated metal  ridges, 
Ry  P,  etc.,  which  serve 
to  break  up  the  sparks 
as  the  pairs  of  second- 
ary circuit  brushes  pass 
from  P  to  IP,  IP  to 
P",  and  so  on.  There 
are  two  pairs  of  these 
brushes,  viz.  6,  J  and 
&',  &' ;  the  two  sections 
SyS  of  the  second- 
ary winding  being 
connected  to  them. 
While  the  secondary 
current  is  in  one 
direction,  as  shown  by 
the  firm  arrows,  the 
two  coils  are  connected 
together  through  h,  h 
and  /  P;  and  the 
current  is  delivered  by 
b\  V  to  the  collector 
rings  P-y  and  ^— .  on  which  the  arc  circuit  brushes  bean 


Fig.  341.— Rectifying  Commutator. 
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As  the  commutator  segments  are  supposed  to  be  travelling 
upwards,  immediately  the  current  in  S,  S  changes  to  the 
direction  shown  by  the  dotted  arrows,  h,h  and  b\¥  will 
have  reached  the  dotted  positions  indicated ;  so  that  the 
current,  though  reversed  in  Sy  S,  will  still  flow  in  the  same 


Fig.  342. — Commutator  of  Ferranti  Rectifier. 

direction  in  the  arc  circuit.  Directly  after  this,  h,  h  will 
again  be  connected  together,  and  h\  V  joined -up  to  the 
arc  circuit ;  and  so  on.  The  commutator  revolves  in 
synchronism  with  the  alternations  of  the  current  in  Sy  S,  and 
the  changes  in  the  connections  of  the  brushes  at  the  ends 
of  Sy  S  change  in  step  with  the  alternations  of  the  current. 
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The  actual  commutator,  removed  from  its  shaft,  is 
shown  in  Fig.  342 ;  and  the  parts  corresponding  with  those 
in  Fig.  341  are  similarly  lettered. 

In  Fisr.  339  some  of  the  commutator-brushes  can  be 
seen,  and  it  should  be  noticed  that  the  commutator,  which 
it  would  be  dangerous  to  touch,  is  shielded  on  one  side  by 
the  flange  s,  and  on  the  other  by  a  glass  plate  G.     M  is 


S' 
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Fig.  343. — Connections  of  Rectifier  Motor. 


the  motor,  A  an  ammeter  in  circuit  therewith,  r  a  starting 
resistance,  MS  a  multiple- way  regulating'  switch,  and  T S 
a  two-way  switch.  The  stator  of  the  motor  carries  an 
alternating  current  derived  from  the  fixed  secondary  coil 
S\  different  turns  of  which  are  connected  up  to  the  studs 
of  MS,  so  that  the  pressure  may  be  adjusted  as  neces- 
sary. The  rotor  is  fed  with  rectified  current  through 
a   simple   low-pressure   commutator   at   L\     The    motor 
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connections  are  illustrated  in  Fig.  343.  Here  S^  is  the  fixed 
secondary  coil  of  the  transformer,  tappings  from  which  are 
led  to  the  multiple- way  switch  MS.  >S  is  the  stator  wind- 
ing, a  few  volts  being  taken  off  at  X  X  for  the  rotor  winding 
i2,  which  is  connected  with  the  commutator  L\  TS  is  the 
two-way  switch,  which  is  moved  to  the  right  for  starting, 
thereby  sending  the  current  through  the  resistance  r;  and 
to  the  left  when  speed  has  been  got  up,  r  being  thereby  cut 


Fig.  344.— Batten  Rectifier  (Gen.  Elec.  Co.). 

out.  A  is  the  ammeter,  and  /  a  fuse.  If  the  connections  be 
traced  out,  it  will  be  seen  that  B  is  connected  in  parallel 
with  that  portion  of  S  between  X  X.  On  starting,  the  full 
voltage  on  S  is  applied  to  It  through  r,  but  when  syn- 
chronous speed  is  attained,  and  TS  is  moved  to  the  left, 
the  volts  between  x  x  are  tapped  for  i2,  and  r  is  cut  out. 

208.  The  Batten  Rectifier. — This  apparatus  is  illus- 
trated in  perspective  in  Fig.  344  and  diagram matically  in 
Fig.  345.  It  is  useful  for  small  and  occasional  work  where 
direct  current  is  required  but  only  an  alternating  supply 
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is  available.  For  instance,  it  may  be  employed  for  charg- 
ing small  accumulators,  exciting  spark  coils,  driving  small 
motors,  performing  electrolytic  work  on  a  limited  scale, 
and  so  forth. 


Fig.  345.— Diagram  of  Batten  Rectifier. 

The  diagram  of  the  instrument  should  be  compared 
with  the  figure  of  the  actual  apparatus.  It  consists  of  a 
step-down  static  transformer  T,  by  means  of  which  the 
circuit  pressure  is  reduced  to  about  50  volts;  and  a 
polarized  relay  R,  the  contact  tongue  C  of  which  moves  to 
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one  side  or  the  other  in  sympathy  with  the  alternations  of 
the  current  in  the  primary  winding  P;  the  secondary  cur- 
rent induced  in  the  winding  S  being  thereby  rendered 
unidirectional  in  the  outer  circuit.  T\  T  are  the  main 
terminals,  which  are  connected  to  the  alternating  current 
supply  through  the  wires  W.  The  lamps  at  the  back  of 
Fig.  344  are  used  as  resistances  in  the  primary  circuit,  the 
reduction  of  the  voltage  already  alluded  to  being  efifected  by 
this  means.     These  may  be  inserted  say  at  L  in  Fig.  345. 

In  charging  accumulators  or  similar  work  where  a  low 
pressure  is  wanted,  a  lamp  (or  lamps)  is  also  connected  in 
the  secondary  circuit.  Fig.  345  shows  this,  SB  being  a 
secondary  battery,  and  L\  L  the  lamp  resistances  in  series 
therewith.  The  accumulator,  be  it  noted,  has  one  end  of 
the  secondary  S  connected  to  its  middle.  Thus  the  alter- 
nating current  leaving  the  transformer  by  the  wire  1, 
passes  by  the  flexible  connection  2  to  the  vibrating  con- 
tact tongue  C  of  the  relay ;  the  latter  causing  the  currents 
in  either  direction  to  flow  through  the  two  halves  h  and  h' 
of  the  battery  respectively,  whence  the  current  re-enters 
the  secondary  of  the  transformer  by  the  wire  S, 

The  soft  iron  core  of  the  relay  is  in  two  halves  S,  S", 
and  the  armature  A  carrying  C,  vibrates  between  their 
polar  extremities.  M,  M  are  two  permanent  magnets  with 
their  like  poles  together  at  the  centre  C  where  A  is  pivoted. 
Supposing  these  poles  are  north  as  indicated,  the  ex- 
tremities of  A  will  be  south.  The  south  ends  of  M,  M 
being  in  juxtaposition  with  the  centres  of  the  soft  iron 
cores  S\  S'  will  render  their  extremities  facing  the  ends  of 
A  of  north  polarity.  The  windings  on  S\  S  are  connected 
in  series  with  each  other,  and  in  shunt  with  P  across  the 
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main  terminals  T\  T\  Then  because  of  the  polarization 
of  A  and  S",  S',  the  former  will  vibrate  rapidly  in  sympathy 
with  the  alternations  of  the  current.  ^  is  a  condenser 
shunted  by  a  lamp  resistance  i",  this  being  found  to 
improve  the  working  of  B. 

209.  The  Nodon  "Valve,"  or 
Electrolytic  Rectifier.  —  This 
apparatus,  the  invention  of  M. 
Nodon,  and  peculiarly  named  by 
him  the  electric  valve,  is  better 
termed  an  electrolytic  rectifier,  the 
alternating  current  being  rendered 
unidirectional  by  the  action  of 
electrolysis. 

The  apparatus  is  generally  com- 
posed of  four  electrolytic  cells  of 
the  construction  shown  in  section 
in  Fig.  346.  Here  F  is  a  contain- 
ing vessel  of  iron,  open  at  the  top, 
where  an  external  rim  r  allows  of 
its  suspension  in  a  wooden  frame  JV. 
Passing  through  a  rubber  plug  F 
at  the  bottom,  is  a  hollow  rod  B 
of  an  alloy  of  zinc  and  aluminium, 
carrying  a  terminal  T  at  its  outer  and  lower  extremity. 
Another  terminal  T"  is  affixed  to  F. 

The  electrolyte  consists  of  a  saturated  solution  of  am- 
monium phosphate,  the  peculiarity  of  which  is,  thAt  when 
the  current  flows  or  tends  to  flow  from  jB  to  F,  a  highly 
resisting  film,  suflScient  to  stop  the  passage  of  the  current, 
is  instantly  formed  on  B,     When,  however,  the  pressure  is 


Fig.  346.— Single  CeU  of 
Nodon  Rectifier. 
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in  the  reverse  direction,  the  film  immediately  dissolves  and 
allows  the  current  to  pass.  This  film  is  of  complicated 
composition,  which  we  need  not  consider,  the  main  thing 

to  remember  being 
that  such  a  cell  vfiW 
allow  a  current  to 
pass  through  it  in 
one  direction  only, 
viz.  from  the  iron  to 
the  alloy  rod. 

A  complete  rectifier 
generally  consists  of 
four  such  cells  con- 
nected up,  as  shown 
—  ,  in  the  diagram  Fig. 
347,  with  their  poles 
in  opposition ;  the 
short  thick  lines  re- 
presenting the  iron  of 
the  containing  vessels, 
and  the  long  thin 
ones  the  alloy  rods. 
T,T  are  the  alter- 
nating-current supply 
terminals,  G  a  chok- 
ing coil  or  a  rheostat 
for  adjusting  the 
pressure  of  the  supply,  and  T+  and  T—  the  terminals 
Irom  which  the  rectified  current  is  taken,  a  motor  M  being 
shown  connected  thereto  in  this  instance. 

The  effect  of  so  joining  up  the  cells  is  that  when  a 


Fig.  347. — Diagram  of  Nodon  Rectifier. 
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current  impulse  tends  to  flow  from  the  top  to  the  bottom 
main  terminal,  it  has  to  pass  through  the  top  right-hand 
cell,  then  vid  r+  and  T—  and  the  bottom  left-hand  cell  to 
the  bottom  wire  ;  the  top  left-hand  and  bottom  right-hand 
cells  obstructing  the  current  in  this  direction.  When, 
however,  the  current  re- 
verses and  flows  from 
the  bottom  to  the  top 
terminal,  it  does  so 
through  the  bottom 
right-hand  and  top  left- 
hand  cells  vid  T+  and 
T—.  The  directions  of 
the  downward  and  up- 
ward currents  are  re- 
spectively shown  by  the 
firm  and  dotted  arrows ; 
and  it  should  be  par- 
ticularly noticed  that 
both  flow  from  T+  to 
T—.  When  no  ap- 
paratus is  connected 
between  these  terminals, 
there  will  be  no  current 
through  the  rectifier ; 
but  the  terminals  will 
be  maintained  at  a  -f  and 
to  give  current  directly  anything  is  joined  across. 

Fig.  347a  shows  a  complete  rectifier,  the  part  protruding 
at  the  top  consisting  of  insulating  sleeves,  which  may  be 
slipped  more  or  less  over  the  alloy  rods,  so  as  to  regulate 


Fig.  347a.— Nodon  Rectifier. 


potential  respectively,  ready 
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the  output  of  the  cell.     When  such  sleeves  are  employed, 
the  choker  or  rheostat  G  (Fig.  347)  is  not  necessary. 


CHAPTER  XVI.-QUESTIONS. 
In  answering  these  questions,  give  sketches  wherever  possible. 

*1.  What  are  transformers,  and  what  are  they  for?     [Prel.  1895.] 

*2.  Give  sketches  showing  diagramniatically,  and  explain  the 
difference  between,  step-up  and  step-down  transformers. 

*3.  State  concisely  the  difference  between  an  ordinary  iaduction 
coil  and  a  step-up  transformer,  both  as  regards  construction  and 
action. 

4  The  current  from  an  alternating  current  dynamo  is  sent  through 
a  coil  of  wire:  another  closed  coil  of  wire  is  brought  near  it  and 
becomes  very  hot ;  what  is  the  reason  for  this  ?    [Ord.  1890.] 

5.  Explain  clearly  why  it  is  that  an  alternating  current  in  a  coil 
induces  an  alternating  current  in  a  neighbouring  coil. 

*6.  If  the  primary  of  a  transformer  is  connected  up  to  an  alter- 
nating supply  of  suitable  frequency  and  voltage,  only  a  very  small 
current  will  pass  as  long  as  the  secondary  circuit  is  open,  but  if  the 
primary  were  connected  up  to  a  continuous  supply  of  the  same 
voltage,  a  very  large  current  would  pass,  and  the  winding  would  be 
burnt  out,  whether  the  secondary  were  open  or  closed.  How  would 
you  explain  this  ?  Would  any  action  take  place  in  the  secondary 
winding  in  the  second  case  ?  if  so,  when,  and  why  ?    [Prel.  1902.] 

7.  What  is  meant  by  a  converter  or  transformer  f  Sketch  the 
details  of  any  well-known  form.     [Ord.  1890.] 

8.  What  is  meant  by  saying  that  a  certain  transformer  has  an 
efficiency  of  98  per  cent.  ? 

9.  What  thickness  of  sheet-iron  would  you  use  (1)  in  direct- 
current  armatures,  (2)  in  alternators,  (3)  in  transformers?  How 
are  the  sheets  cut  up  into  pieces  of  the  right  size  and  shape,  and 
how  are  the  pieces  then  dealt  with  for  the  building  up  of  a  core  ? 
[Ord.  1898.] 
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10.  What  losses  in  transformers  are  affected  by  the  lamination  of 
the  core  ?     State  how  they  are  affected,  and  why  ?     [Ord.  1902.] 

11.  Describe,  by  the  aid  of  sketches,  an  alternate  current  trans- 
former of  the  shell  type,  and  mention  all  the  important  points  to  be 
taken  into  account  in  designing  transformers  for  ordinary  lighting 
loads.     rOrd.  1902.] 

1 2.  The  core  of  a  transformer  ( alternate  cu rrent)  contains  1 00  square 
centimetres  nett  sectional  area  of  iron.  Assume  that  it  is  to  be  used 
on  a  circuit  in  which  the  frequency  is  75  complete  periods  a  second, 
and  that  the  primary  currents  supplied  will  be  such  as  to  raise 
the  magnetic  induction  at  each  alternation  to, 5000  lines  (C.G.S.) 
per  square  centimetre.  Find  how  many  turns  there  must  be  in 
the  secondary  coil  if  it  is  to  produce  100  volts  on  open  circuit. 
[Ord.  1893.] 

13.  Point  out  in  what  way  the  pressure  at  the  secondary  terminals 
of  a  good  transformer  depends  on  that  at  the  primary  terminals 
and  on  the  respective  number  of  windings  and  their  resistance.  A 
transformer  with  a  well-closed  magnetic  circuit  is  taking  10  amperes 
at  2,050  volts.  Its  primary  coil  consists  of  860  turns  of  wire  having 
a  total  resistance  of  five  ohms.  Its  secondary  consists  of  43  turns, 
with  a  resistance  of  ^  of  an  ohm.  Assuming  that  magnetic  leakage, 
eddy  currents,  and  hysteresis  are  negligibly  small,  calculate  the 
pressure  at  the  secondary  terminals  when  200  amperes  are  being 
supplied  to  the  lamps.     [Ord.  1896.] 

*14.  Explain  the  principle  of  the  motor-dynamo. 

15.  What  is  a  rotary  converter,  and  what  is  its  principal  use  ? 
Explain  generally  why  the  output  of  a  rotary  converter  may  be 
rated  at  a  higher  value  than  a  direct-current  dynamo  of  the  same 
size.     [Ord.  1899.] 

16.  What  rules  govern  the  design  of  motor-generators?  Upon 
what  does  the  speed  of  them  depend  ]     [Ord.  1894.] 

17.  Describe  in  detail  how  you  would  wind  a  motor-dynamo,  fed 
at  constant  pressure,  to  give  constant  pressure  between  the  secondary 
terminals.     [Ord.  1897.] 

18.  What  are  the  advantages  of  separate  field  magnets  for  the  two 
armatures  in  continuous-current  transformers  ?     [Ord.  1895.] 

19.  An  alternate  current  transformer  is  supplied  at  constant  P.D. 
on  the  primary,  and  the  secondary  is  gradually  loaded  with  lamps 
to  50  per  cent,  overload.  Show  by  curves  how  (a)  the  primary 
current,  and  (b)  the  secondary  P.D.  vary  as  the  load  increases.  State 
also  how  these  curves  would  be  altered  if  the  load  were  highly 
inductive.     Give  reasons  for  your  answers.     [Ord.  1903.] 

P  P 


CHAPTER  XVII. 

The  figures  refer  to  the  numbered  paragraphs. 

Electric  Generating  Stations,  210.  Electrical  Energy,  211.  Pres- 
sure of  Supply,  and  the  Size  and  Insulation  of  Mains,  212. 
Mains,  Current,  and  Drop,  213.  Economy  of  High  Pressure, 
214.  High-  and  Low-Pressnre  Systems,  215.  Systems  of  Supply, 
216.  Classification  of  Systems,  217.  Feeders  and  Distributors, 
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Chapter,  paragraph,  and  figure  numbers  in  italics  refer  to  Vol.  I. 
(oth  Ed.),  and  those  in  heavy  type  to  ^^  Electric  Wiring,  Fittings, 
Switches,  and  Lamps^'  (Srd  Ed.). 


*210.  Electric  Generating  Stations. — An  electric 
generating  station  is  a  place  where  mechanical  energy  is 
transformed  into  electrical  energy.  This  is  effected  by 
means  of  alternators  or  dynamos  driven  by  steam-  or  gas- 
engines,  or — where  water-power  is  available — by  turbines. 
The  electrical  energy  thus  generated  is  then  conveyed  by 
means  of  a  feeding  and  distributing  system  of  copper  cables 
or  mains  through  the  streets  to  the  premises  of  the  private 
consumers,  to  the  street  lamps,  and  to  the  tramway  or 
railway  systems. 

A  generating  station  is  frequenlly  termed  an  electricity 
ivorJcSy  from  the  analogous  term  "gas  works/'  It  is  also 
sometimes  referred  to  as  a  central  station,  because  very  often 
the  most  suitable  place  in  which  to  put  it,  if  space  can  be 
found,  is  in  the  centre  of  the  district  to  be  supplied. 

*211.  Electrical  Energy. — Electrical  energy  has  the 
capability  of  doing  electrical  work,  and  is  measured  by 
taking  the  product  of  the  electrical  power  and  the  time 
the  power  is  maintained.  The  commercial  units  of  elec- 
trical energy  or  work  are  the  ivatt-hour  and  the  kilowatt- 
hour,  electrical  power  being  measured  in  watts.  As  the 
power  (in  watts)  is  equivalent  to  the  pressure  multiplied 
by  the  current,  electrical  energy  is  otherwise  proportional 
to  the  pressure,  current,  and  time  multiplied  together. 

It  is  possible  to  convey  a  given  amount  of  electrical 
energy  either  as  a  small  current  at  high  pressure,  or  as  a 
large  current   at  low  pressure.      For  instance,  a  current 
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of  two  amperes  flowing  for  one  hour  at  a  pressure  of  4000 
volts,  represents  the  same  amount  of  energy  as  a  current 
of  40  amperes  flowing  for  one  hour  at  a  pressure  of  200 
volts ;  each  giving  8000  watt-hours,  i.  e,  8  kilowatt-hours, 
or  8  B.  o.  T.  or  supply  units  (Chap.  //.). 

*212.  Pressure  of  Supply,  and  the  Size  and  In- 
sulation OF  Mains. — The  size  or  cross-sectional  area  of  a 
conductor  determines  the  current  it  can  carry  with  a  fixed 
drop  of  pressure;  but  its  current-carrying  capacity  is 
independent  of  the  pressure  at  which  the  current  may  be 
generated  or  supplied.  The  cost  of  copper  in  the  mains 
is  one  of  the  chief  items  to  be  considered  in  laying  down 
a  system  of  supply.  Now  as  power  =  pressure  x  current, 
in  the  transmission  of  a  given  amount  of  power,  the 
current  flowing  in  the  conductors  is  reduced  as  the  pressure 
is  increased;  and  reduction  of  the  current  means  that 
conductors  of  a  smaller  size  may  be  used.  Hence,  other 
things  being  equal,  the  greater  the  pressure  at  which  the 
supply  is  generated,  the  greater  the  saving  of  copper. 
On  the  other  hand,  however,  the  higher  the  pressure  the 
greater  the  care  required  to  maintain  the  insulation ;  and 
a  better  quality  of  and  thicker  insulating  covering  has  to 
be  given  to  all  the  parts  of  the  conducting  system  (§  242). 

*213.  Mains,  Current,  and  Drop,— The  size  of  a  main 
is  determined  by  two  leading  considerations.  Firstly, 
the  maximum  current  it  has  to  carry,  and  secondly, 
the  greatest  permissible  drop  of  pressure  between  the 
supply  and  consumption  ends.  The  first  consideration  has 
reference  to  the  heating  of  the  conductor  due  to  the  watts 
wasted  in  it,  and  is  determined  by  the  Board  of  Trade  Rule, 
which  insists  that  the  conductors  shall  at  no  time  rise  more 
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than  30°  F.  beyond  the  outside  or  normal  au-  temperature. 
Experiments  by  Mr.  C.  H.  Yeaman  on  the  mains  at 
Liverpool,  some  years  ago,  showed  that  at  full  load  they 
rose  to  a  final  temperature  of  28°  F.  above  the  external 
air,  this  being  just  within  the  prescribed  limit. 

The  highest  current  density  ever  permissible  is  deter- 
mined by  a  Rule  formulated  by  the  Institution  of  Electrical 
Engineers.  Tables  giving  the  various  sizes  of  conductor, 
and  their  maximum  allowable  currents  calculated  in  accord- 
ance with  this  rule,  as  well  as  the  rule  itself,  will  be  found 
in  the  Authors  Electric  Wiring  Tables,  The  currents 
permitted  by  this  rule  are  not  in  proportion  to  the  cross- 
sectional  area  of  the  conductor;  it  being  rightly  assumed 
that  small  conductors  have  greater  facilities  for  cooling 
than  larger  ones,  so  that  the  former  may  safely  be  allowed 
to  carry  more  current  in  proportion  to  their  area  than 
the  latter.  For  small  and  medium  sizes  the  permissible 
currents  are  greater,  and  for  large  sizes  slightly  less,  than 
those  calculated  according  to  the  old  **  1000  amperes  per 
square  inch  "  rule. 

Many  people,  however,  still  work  to  the  latter,  and  it 
is  convenient  to  remember  that,  at  this  uniform  density 
of  1000  amperes  per  square  inch,  the  pressure-drop  for  all 
sizes  is  about  48  volts  per  100  yards  run  of  double  con- 
ductor, that  is  of  lead  and  return.  The  drop  varies  directly 
with  the  current  density,  and  also  directly  with  the  length 
of  the  conductor ;  so  that  calculations  can  be  made  rapidly, 
without  it  being  necessary  to  find  the  resistance  of  every 
conductor  used. 

For  example,  300  yards  of  double  conductor  main,  worked 
at  500  amperes  per  square  inch,  would  experience  a 
drop  of: — 
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4-8  X  I^X  -5  =  7-2  volts. 

Here  we  multiply  by  '5,  as  we  are  working  at  half  the 
standard  density.  If  the  current  be  tapped  off  uniformly 
at  equidistant  points  along  a  cable,  the  drop  is  only  half 
that  resulting  from  the  current  being  taken  off  all  at  one 
end,  since  the  average  current  flowing  is  halved.  Thus 
in  the  example  just  given,  the  drop  would  be  just  above 
3 J  volts  if  equal  currents  were  tapped  off  at,  say,  every 
20  yards  along  the  length  of  the  cable.^ 

The  rise  of  temperature  in  a  conductor  must  be  kept 
within  limits,  not  only  because  such  heating  would  tend  to 
lower  and  damage  the  insulation,  but  also  because  it  would 
increase  the  resistance,  and  therefore  also  the  drop. 

214.  Economy  of  High  PRESSURE.-^The  advantages 
of  high  over  low  pressure  depend  chiefly  on  the  fact  that 
the  loss  of  power  in  a  given  cable  is  proportional  to  the 
square  of  the  current.  In  other  words,  the  watts  lost  in 
any  cable  at  any  pressure  are  simply  proportional  to  C^B, 
where  G  is  the  current  in  and  ^  the  resistance  of  the 
cable. 

The  effect  of  increasing  the  voltage  is  illustrated  by  the 
following  examples.  In  the  first  of  these  is  shown  the 
result  of  doubling  the  voltage  while  transmitting  the 
same  power  through  a  double  (lead  and  return)  cable. 

Case  A,  At  1000  amperes  per  square  inch  density  : — 
(a)  A  ^f  cable  will  carry,  say,  100  amperes. 

1  Various  rules  and  numerous  worked  examples  relating  to  pres- 
sure-drop ^^  ill  be  found  in  the  last  chapter  of  the  Author's  Electric 
Wiring,  Fittings,  Switches,  and  Lamps.  Tables  of  pressure-drop  are 
given  in  the  Author's  Electric  Wiring  Tables. 
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(h)  With  a  P.  D.  between  lead  and  return  of  100 
volts, 

(c)  The  power  conveyed  will  be  10,000  watts. 

(d)  The  drop  per  100  yards  run  will  be  4*8  volts, 

(e)  And  the  percentage-drop  ; — 


/4-8  X  100  \ 
V      100      / 


=  4-8  volts. 


(f)  The    watts    lost    per    100    yards    will    be 

4  8  X  100  =  480, 

(g)  And  the  percentage  loss  of  watts  per  100 

yards : — 

100  X  4^0  ^  ^.g 
10,000  ' 

On  doubling  the  pressure,  but  still  transmitting   the 
same  power,  the  current  density  will  be  halved.     Then : — 

Case  B.  At  500  amperes  per  square  inch  density : — 
(a)  A  \^  cable  will  carry  50  amperes. 
(h)  With  a  P.  D.  between  lead  and  return  of  200 

volts, 
(c)  The  power  conveyed   will  be  10,000  watts 
as  before. 

(d)  The  drop  per  100  yards  run  will  be  2*4  volts, 

(e)  And  the  percentage-drop : — 


/2-4  X  100\      .  ;,      1, 
(-200-)=^'"'^'" 


(/)  The    watts    lost    per    100    yards    will    be 
2-4  X  50  =  120, 
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(g)  And  the  percentage  loss  of  watts  per  100 
yards  run : — 

100  X  120 


10,000 


=  1-2. 


Thus  by  doubling  the  pressure,  and  sending  the  same 
power  through  the  same  cable,  we  quarter  the  loss  of 
power  in  it,  and  reduce  the  percentage-drop  and  per- 
centage loss  of  power  to  one-fourth.  Or,  to  illustrate  the 
advantage  another  way,  we  can  transmit  a  given  quantity 
of  power  four  times  as  far  (with  a  fixed  percentage-drop 
and  loss)  by  using  twice  the  original  voltage. 

Usually,  however,  it  is  not  required  to  reduce  the  current 
density  in  the  cable.  Thus,  in  the  following  example,  the 
density  remains  the  same  in  either  case. 

Case  A.  With  a  supply  pressure  of  100  volts,  and  a 
density  of  1000  amperes  per  square  inch : — 
{a)  A  yf  cable  will  carry  100  amperes. 

(b)  The  power  conveyed  will  be  10  kilowatts. 

(c)  The  drop  per  100  yards  run  will  be  4*8  volts, 

(d)  And  the  percentage  drop : — 

48  X  100 


100 


=  4-8  volts. 


(e)  The  watts  lost  per  100  yards  run  will  be 

4-8  X  100  =  480, 
(/)  And  the  percentage  loss  of  watts  per  100 
yards  run : — 

100  X  480  ^  ,  ,g 
10,000 
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Case  B.  With  a   supply  pressure   of  200  volts,  and  a 
density  of  1000  amperes  per  square  inch : — 
(a)  A  if  cable  will  carry  100  amperes. 
(h)  The  power  conveyed  will  be  20  kilowatts. 

(c)  The   drop  per  100  yards  run  will   be  4*8 

volts, 

(d)  And  the  percentage  drop : — 

200 

(e)  The  watts  lost  per  100  yards  run  will  be 

4-8  X  100  =  480, 
(/)  And  the  percentage  loss  of  watts  per  100 
yards  run : — 

100  X  480 


20,000 


=  2-4. 


Thus  we  see  that  by  keeping  the  current  density 
constant,  we  can  convey  twice  the  power  by  doubling  the 
voltage.  The  percentage  drop  and  the  percentage  loss  of 
watts,  however,  will  be  only  half  their  previous  values. 

Here  is  another  example  showing  that  by  using  double 
the  pressure,  the  same  power,  at  the  same  current  density, 
can  be  conveyed  by  a  cable  half  the  size,  and  with  half 
the  O^B  loss. 

Case  A.  With  a  pressure  of  100  volts,  and  a  density  of 
1000  amperes  per  square  inch  in  the  conductor,  a  power  of, 

say,  50  kilowatts  would  require  a  cable  of  -    -,  '   ^  ^  _  =  -5 
^  ^  100  X  1000 

square  inch  sectional  area. 

Case  B.  With  a  pressure  of  200  volts,  and  a  density  of 
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1000  amperes  per  square  inch  in  the  conductor,  50  kilo- 
watts would  require  a  cable  of  T7^^-^;-^-r  =  '25   square 
^  200  X  1000  ^ 

inch  sectional  area. 

Had  the  resistance  of  the  cables  remained  the  same,  the 
G^E  or  wattage  loss  would  have  been  one-quarter  what  it 
was  in  the  first  case ;  but  since  the  resistance  of  the  second 
cable  is  double  that  of  the  first  cable,  the  C^B  loss  is  half 
its  previous  value.  As  the  current  density  is  the  satue  in 
each  case,  so  also  will  be  the  **  drop  "  for  any  given  length ; 
but  the  percentage  drop  will  obviously  be  halved. 

In  distribution  work,  especially  at  low  pressures  of  100 
volts  or  so,  it  is  seldom  that  cables  are  worked  at  a  greater 
density  than  500  amperes  per  square  inch,  in  order  that 
the  loss  therein  may  be  kept  within  a  reasonable  limit. 
The  fact  that  there  was  plenty  of  margin  for  increasing 
the  current  without  overheating  the  conductors  explains 
how  it  was  that  many  supply  companies  in  recent  years, 
by  both  doubling  their  pressure  and  doubling  the  current 
density  in  their  cables,  were  enabled  to  quadruple  the 
carrying  capacity  of  their  mains.  The  following  example 
illustrates  this. 

The  pressure  at  which  current  is  supplied  to  houses  on 
a  distributing  network  is  raised  from  110  to  220  volts. 
By  how  much  per  cent,  will  the  carrying  capacity  of  the 
mains  be  increased,  if  the  percentage  loss  of  volts  in  them 
is  to  remain  the  same  as  before, — it  being  presumed  that 
the  cables  have  such  a  large  margin  of  conductance  that 
the  question  of  heating  may  be  neglected  ? 

The  percentage  loss  is  to  be  the  same;  consequently, 
the   pressure    having    been   doubled,   the    current    must 
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be  iacreaseJ  until  the  original  percentage  loss  is  re- 
produced. 

The  percentage  loss  of  volts  in  a  circuit  is  directly  pro- 
portional to  the  current,  and  inversely  proportional  to  the 
pressure.     Thus : — 

percentage  loss  oc    — 

where  C  stands  for  the  current,  and  V  for  the  volts  on  the 
circuit. 

In  the  present  case,  call  the  original  loss  y  per  cent., 
with  a  current  C^  at  110  volts.  It  is  required  to  find  a 
current  Cg  at  220  volts  which  will  give  the  same  percentage 
loss.     Now : — 

=  A  =  _^2 
^       110       220 

'   *  220       110 
so  that:-  C^=^^^^C,  =  2C,, 

That  is  to  say,  the  current-carrying  capacity  of  the  mains 
will  be  doubled,  or  increased  by  100  per  cent.  Their 
power  capacity,  however,  will  be  quadrupled,  i.  e.  increased 
by  300  per  cent.  In  other  words,  if  we  double  the  pressure, 
we  keep  the  percentage  loss  the  same  by  doubling  the 
current,  because  we  get  twice  the  drop,  and : — 

twice  oriorinal  drop  ,        , 

—  .    — . -^     -        ^—  =  same  percentage  loss, 
twice  origmal  pressure 

Thus  four  times  the  power  is  transmitted  with  the  same 
percentage  loss  of  volts,  because  twice  original  pressure  x 
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twice  original  current  =  four  times  original  power.  Hence, 
as  far  as  current  is  concerned,  the  carrying-capacity  of  the 
mains  is  doubled;  but  the  pressure  being  also  doubled, 
the  wattage  or  lamp-feeding  capacity  is  quadrupled. 

The  loss  in  a  cable  may  be  expressed  either  as  power,  as 
in  watts  or  kilowatts ;  or  as  energy  lost  in  a  given  time, 
as  in  watt-hours  or  B.  o.  T.  units  per  day,  month,  or  year. 

Besides  the  C^B  or  copper  loss,  there  is  another  loss  to 
be  considered  in  alternating-current  systems  of  supply. 
This  is  due  to  induced  or  eddy  currents  in  neighbouring 
conductors  or  masses  of  metal,  which  draw  their  supply  of 
inducing  %  energy  from  the  conductors  through  which  we 
are  sending  our  current.  The  estimation  of  these  eddi/ 
ctcrrent,  induced  current,  or  Foucmdt  citi^ent  losses,  as  they 
are  variously  termed,  is  beyond  the  elementary  student. 
It  may  be  mentioned,  however,  that  unless  properly- 
guarded  against,  they  can  easily  exceed  the  ordinary  C^R 
losses  in  amount.  If  a  single  cable  conveying  an  alter- 
nating current  were  placed  by  itself  in  an  iron  pipe,  we 
should  get  a  very  aggravated  case  of  eddy  current  loss, 
not  to  speak  of  the  inductance  set  up ;  but  only  a  lunatic 
would  do  this  sort  of  thing. 

*215.  High-  and  Low -Pressure  Systems. — The 
methods  of  distribution  adopted  by  most  of  the  electricity 
supply  undertakings  may  be  divided  into  three  classes,  ac- 
cording as  they  are  low,  high,  or  extra  high  pressure.  These 
may  again  be  classified  as  alternating  or  direct,  as  the  one  or 
the  other  current  is  supplied  to  consumers.  The  choice  of 
the  method  of  distribution  is  governed  principally  b}'  the 
district  which  is  to  be  supplied,  and  to  some  extent  by 
the  ideas  of  the  engineer  responsible  for  the  work.     If  the 
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central  station  can  be  placed  in  the  centre  of  its  district, 
and  if  the  district  be  small  and  compact,  then  a  low-pres- 
sure system  may  be  adopted.  If  the  district,  though  small, 
had  outlying  parts,  or  scattered  consumers,  then  the  system 
would  preferably  be  a  high-pressure  one.  If  the  district 
were  very  large,  and  were  supplied  from  a  single  central 
station;  or  if  the  central  station  were  situated  a  great 
distance  away  from  its  district,  then  an  extra  high-pressure 
system  of  supply  would  have  to  be  resorted  to. 

*216.  Systems  of  Supply. — Systems  of  supply  are 
either  direct  or  converted  according  to  the  relation  between 
the  supply  pressure  and  the  pressure  at  which  the  gener- 
ators work.  If  the  conditions  referred  to  in  the  preceding 
paragraph  necessitate  the  adoption  of  extra  high  pressure, 
then  alternators  and  transformers  must  of  necessity  be 
employed,  because  of  the  difficulty  of  constructing  a  com- 
mutator for  such  voltages.  For  a  high-pressure  system, 
either  alternators  and  transformers,  or  high-pressure  direct- 
current  dynamos  and  motor-dynamos  (direct-current  trans- 
formers) may  be  used;  while  in  a  low-pressure  system, 
untransformed  direct  currents  are  generally  adopted. 

In  no  case  may  the  supply  enter  a  consumer's  premises 
at  a  greater  pressure  than  250  volts  between  a  single  pair 
of  conductors  or  terminals,  without  the  sanction  of  the 
Board  of  Trade ;  and  it  is  for  this  reason,  among  others, 
that  transformers  have  to  be  used  on  high-pressure  systems. 
The  special  sanction  is  extended  to  large  users  of  motive 
power,  and  allows  of  a  pressure  up  to  500  volts.  The 
maximum  supply  pressure  of  250  volts  is  used  on  two 
or  three  systems,  but  the  pressures  mostly  employed  are 
240,  230,  220,  210,  and  200  volts.     A  few  years  ago  the 
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general  supply  pressures  were  100,  105,  or  110  volts;  but 
such  are  used  in  very  few  districts  nowa-days. 

*217.  Classification  of  Systems. — Systems  of  supply 
may  be  classified  as  follows  : — 

(I.)  Those  that  supply  through  feeders  and  mains  direct 
to  the  distribution  network,  and 

(II.)  Those  which  supply  through  feeders  and  trans- 
formers to  the  network. 

A  more  complete  classification  of  systems  would  be  as 
follows : — 

I.    DIRECT   SUPPLY. 

(a)  Direct  currrent  on  2-wire  system  (§  219). 

(b)  „  „         „   3-wire       „       (§  222). 
(e)       „  „         „   5-wire       „       (§  229). 

II.   TRANSFORMED   OR  CONVERTED   SUPPLY. 

(d)  Direct  current  with  motor-dynamos  (§  232). 

(e)  „  „  „  „  „  and  secondary 
batteries  in  transforming  stations. 

(/)  Alternating  current  with  static  transformers  (§  233). 

(g)  Polyphase  currents  with  motor-generators  (alternat- 
ing to  direct)  in  sub-stations  (§  239). 

What  are  known  as  miooed  systems  may  embody  a  com- 
bination of  two  or  more  of  the  above.  The  most  common 
mixed  system  is  that  in  which  direct  current  is  supplied 
for  the  centre  of  the  district,  and  for  tramway  working ; 
and  alternating  current  for  outlying  parts.  It  is  on  such 
systems  that  double-current  generators  (§§  79  and  79a) 
may  be  employed,  the  machines  being  used  to  give  either 
direct  or  alternating  current  as  required. 
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*218.  Feeders  and  Distributors. — The  essential 
point  in  designing  or  mapping  out  a  system  of  mains  is  to 
maintain  a  uniformity  of  pressure.  Subservient  only  to 
this,  the  central  station  engineer  has  to  set  out  his  dis- 
tributing system  so  that  it  is  reasonably  low  in  first  cost, 
and  he  has  also  to  keep  the  loss  (in  watts  at  full  load)  as 
small  as  possible.  In  a  badly-designed  system,  the  number 
of  Board  of  Trade  units  lost  (i.  e,  wasted  as  heat)  in  the 
mains  per  annum,  may  reach  a  very  considerable  and 
extravagant  figure. 

Mains  may  be  divided  into  two  classes  :  feeders  and 
distributors.  Feeders  are  conductors  which  radiate  from 
the  generating  station  to  various  distant  points,  where  they 
are  connected,  either  directly  or  through  transformers, 
with  the  distribittors  or  distributing  networks  which  supply 
the  current  to  the  buildings,  etc. 

A  feeder  may  have  a  comparatively  large  drop  of  volts 
in  itself  without  affecting  the  uniformity  of  pressure  in 
the  distributors,  because  the  pressure  is  kept  constant  at 
the  point  where  it  joins  the  latter.  Thus  a  feeder  may 
have  a  drop  of  20  volts  on  a  240-volt  direct  system ;  but 
nowhere  in  a  distributor  should  the  pressure  fall  more 
than,  say,  3  volts  below  that  at  the  feeding  point. 

*219.  Distributing  Mains. — Reversing  the  usual  order 
of  things,  it  may  help  matters  if  we  begin  our  consideration 
of  the  different  systems  of  distribution  at  the  consumers 
service  wires.  The  latter  are  wires  connected  with  the 
nearest  convenient  points  on  the  distributing  network,  and 
passing  into  a  consumer's  premises.  As  a  rule  only  two 
wires  are  brought  in,  but  sometimes,  if  the  consumer 
intend  to  use  a  great  deal  of  current,  and  the  mains  are 
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on  the  3-wire  system  (§§  223  to  226),  three  service  wires 
are  taken  into  the  building.  The  methods  by  which  the 
lamps,  etc.,  are  connected  to  the  service  wires  do  not 
concern  us  here,  but  will  be  found  fully  set  forth  in 
Chap.  III. 

Considering  the  usual  condition  of  things,  in  which 
two  service  wires  are  taken  in  to  each  consumer,  the  way 
they  are  connected  to  the  mains  in  a  street  is  shown 
in  Fig.  348,  where  (7,  0,  0,  etc.,  represent  the  consumer's 
premises,  Sj  Sy  S  the   pairs   of  service   wires,   and   M,  M 


Fig.  348.— Connection  of  Service  Wires. 

the  distributing  mains.  Very  often,  as  at  ^,  two  or  more 
sets  of  service  wires  may  be  connected  to  the  mains 
at  one  point.  Or  in  the  case  of  a  side-street,  a  branch  B 
would  be  taken  off  M,  and  consumers  joined-up  thereto. 
Service  wires  are  connected  to  the  mains  throu^-  service 
boxes,  of  which  there  are  many  different  patterns.  Some- 
times the  latter  are  in  the  nature  of  underground  distribu- 
tion boards,  two  or  more  consumers  being  joined-up  to 
one  box. 

The  very  simplest  kind  of  distribution  network  would 
be  somewhat  as  in  Fig.  349,  where  Jf,  M,  if,  M  are  pairs  of 
mains  radiating  from  a  central  point  P;  and  0,0,  Gy  etc., 
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the  consumers  connected  thereto.  On  a  very  small  and 
compact  system  F  would  be  (i)  the  generating  station 
itself.  On  a  larger  one  it  might  be  (ii)  a  feeder  point,  to 
which  a  pair  of  feeders  J' proceeded  straight  from  the  distant 


Fig.  349. — Simple  Distribution  Network. 

generating  station:  or,  on  a  still  larger  system,  (iii)  a  tonns- 
forming  station  in  which  a  high-pressure  current  coming 
along  the  feeder  ^was  transformed  down  to  the  proper 
supply  pressure.  On  a  very  large  system  P  might  be  (iv) 
a  sub  -  transforming  station 
connected  through  F  with  a 
larger  transforming  station ; 
the  latter  in  its  turn  being 
connected  with  the  generat- 
ing station. 

In     case     (i)     M,M,M,M      Fig.  350.— Connection  of  Dynamos 
111  J  •        i.  .      1  and  Mains  to  Bus-Bars. 

would  be  run  direct  to  bus- 
bars B,  into  which  one  or  more  dynamos  D,B  fed,  as  in 
Fig.  350;  while  in  case  (ii)  they  would  be  connected  with 
the  ends  of  the  feeder  as  in  Fig.  351.  In  cases  (iii)  and 
(iv)  a  transformer,  or  set  of  transformers,  would  form  the 
link  between  Jlf,  J/and  F, 

QQ 
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The  four  cases  cited  above  may  be  diagrammatically  repre- 
sented as  in  Fig.  352,  where  at  (a)  G  represents  a  generating 

station  supplying  the  dis- 
^M  tribution  mains  M,  3f,  M, 
etc.  At  (b)  G  is.  the 
generating  centre,  and 
F,F,F,F  feeders  run- 
ning to  various  feed- 
ing points  P,P,P,P, 
where  they  are  connected, 
either  directly  or  through 
transformers,  to  the  dis- 
In  (c)  G  is  the  generating 


Fig.  351. — Connection  of  Mains  to  Feeder. 

tributors  radiating  therefrom. 


Fig.  352.— Connection  of  Generating  Station  with  Transforming 
or  Feeding  Points. 

station,  T,  T  transforming  stations,  and  F,  F,  F,  etc.,  feeders 
running  to  feeding  points  as  before.  In  these  diagrams 
each  pair  of  conductors  is  represented  by  a  single  line. 
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It  should  be  noted  that  feeder  cables  pass  direct  from 
the  generating  or  transforming  points  to  the  feeding  points 
without  any  intermediate  connection  being  made  to  them. 
With  distributing  cables,  on  the  other  hand,  branch  cables 
or  service  wires  are  taken  off  at  numerous  points  en  route. 
Then  again,  although  it  is  hardly  necessary  to  say  so, 
neither  feeders  nor  distributors  run  along  such  convenient 
straight  lines  as  the  figures  represent,  but  turn  and  twist 
in  most  tortuous  fashion  through  the  various  streets. 
Also,  as  will  be  seen  later  on,  the  distributing  mains  round 
one  feeder  point  are  usually  connected  with  those  of 
neighbouring  feeder  points.  Indeed  the  distributing 
system  is  frequently  in  the  form  of  a  continuous  network. 

The  simplest  way  to  supply  a  street  with  current  is  to 
carry  a  pair  of  conductors  down  it,  and  to  connect  these 
conductors  at  one  end  only  with  a  feeder  point,  or  with 
the  larger  distributing  mains.  Thus  in  Fig.  S'iS,  we  will 
suppose  that  the  supply  enters  at  the  left-hand  end.  Now 
it  is  obvious  that  there  will  be  a  fall  of  potential  from  left 
to  right,  so  that  if  the  consumers  in  the  street  be  numerous, 
consumer  No.  2  at  the  far  end  will,  unless  the  mains  are 
of  extravagant  thickness,  get  noticeably  less  pressure  at 
his  lamps  than  consumer  No.  1.  In  such  a  case,  the  drop 
is  considerably  reduced  by  making  the  connection  midway 
along  the  street  main,  as  at  the  points  XX.  As  a  matter 
of  fact,  supposing  the  main  were  uniformly  "  loaded ''  with 
consumers  from  end  to  end,  the  limits  of  drop,  when  the 
connection  with  the  distributing  network  was  made  at 
the  middle,  would  b«  only  one-fourth  as  great  as  when 
the  connection  was  made  at  one  end  (see  Example  in 
Chap.  IV.).   Another  way  of  equalizing  the  drop  of  pressure 


596  ELECTRIC  LIGHTING,  ETC.         [chap.  xvii. 

is  shown  in  Fig.  353,  one  of  the  mains  being  taken  to  the 
end  of  the  street  and  then  bent  back.  In  this  arrangement 
the  pressuie  at  each  end  will  be  about  equal,  and  will  be 
least  at  the  centre,  the  service  wires  Sy  S,  S  being  con- 
nected to  the  free  part  of  the  bent  main. 

When  a  street 
main  is  supplied  at 
one  end  only,  as  the 
current  gradually 
falls  off  from  a 
maximum  at  the 
supply  end,  to  a 
minimum  at  the  other  end,  it  is  sometimes  unnecessary  to 
continue  the  same  cross-section  of  conductor  throughout 
the  entire  length.  Thus  at  various  convenient  junction 
points  the  size  of  the  conductor  may  be  reduced  step  by 


^^ 


Fig.  353.— Equalizing  the  Pressure-Drop. 


Fig.  354. — Keducing  Size  of  Main. 


step  as  indicated  in  Fig.  354.  This,  however,  can  only  be 
done  when  the  loss  of  volts  at  the  far  end  does  not  exceed 
the  permissible  limit ;  and  when  the  loss  of  power  in  the 
cable  is  compensated  for  by  the  saving  in  copper. 

Although  the  "  tree ''  system  of  wiring,  as  illustrated  by 
Fig.  348,  must  of  necessity  be  adopted  at  some  points  in  a 
distribution  network,  it  is  better  to  put  restriction  upon  its 
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use,  and  to  take  olF  branches  and  services  from  connecting 

and  service  boxes,  which  fulfil  exactly  the  same  purpose  as 

the  main  and  branch  distribution  boards  used  in  interior 

wiring  (Chap.  III.)     Thus  in  Fig.  355,  the  branch  mains 

i^,5,5aretaken 

off  at  a  common 

point    P    in    a 

larger  pair  of 

mains  M,  and 

the  service  wires 

*220.  Ring 
OR  Looped 
Mains. — Supposing  there  are  branch  mains  running  down 
parallel  or  adjacent  streets,  it  is  of  considerable  advantage 
to  loop  their  free  ends  together.  Thus  in  Fig.  356,i[/i  and 
M2  are  branch  mains  in  neighbouring  streets,  which  derive 


Fig.  355. — Groupiug  of  Branch  and  Service  Mains. 


Fig.  356.  — Ring  or  Loi>ped  Mains. 

their  supply  from  the  larger  mains  M,  and  have  their  ends 
looped  together  at  E.  In  this  way  greater  security  from 
breakdown  is  assured,  as  the  current  has  the  choice  of  two 
routes  to  any  of  the  consumers.  Then  again,  any  section 
can  be  cut  out  for  repairs,  etc.,  without  affecting  the  supply 
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on  either  side.  Thus  if  a  section  JC  XJCJC  be  cut  out,  only 
consumer  No.  2  is  affected,  No.  1  getting  his  supply  from 
the  left,  while  No.  3  is  supplied  through  the  loop  K  This 
is  a  simple  illustration  of  the  principle  of  what  are  known 
as  ring  or  looped  mains.  A  more  extensive  application  is 
illustrated  in  Fig.  357.  Here  M,  M  are  large  distributing 
mains  traversing  the  principal  streets  in  the  heart  of  a 
town,  and  fed  from  the  feeder  points  F,  F.  At  P,  P,  P,  etc., 
branch  mains  as  in  Figs.  348,  353,  354,  355,  or  356  are 
taken  off  to  supply  side-streets. 


Fig.  357. — Ring  Mains. 

221.  Control  of  Pressure  on  Two-wire  Feeders. — 
Referring  to  Fig.  352,  it  is  necessary  to  keep  the  pressure 
at  each  of  the  feeder  points  constant.  Thus  on  a  240-volt 
system,  the  pressure  would  have  to  be  kept  at,  say,  243  or 
244  volts,  it  being  reduced,  by  the  time  the  consumers' 
lamps  were  reached,  to  the  standard  value,  viz.  240  volts. 

The  pressures  at  the  feeder  points  are  usually  indicated  at 
the  central  station  by  voltmeters  connected  with  the  distant 
ends  of  the  feeders  through  pilot  wires.  Sometimes  all  the 
feeders  are  connected  at  the  station  to  bus-bars  kept  at  a 
constant  pressure.  Now,  the  loss  of  pressure  in  long  feeders 
is  greater  than  that  in  short  ones,  and  so  a  difficulty  arises. 
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This  may  be  got  over  in  various  ways.  la  one  method,  the 
pressure  at  the  bus-bars  is  made  great  enough  to  give  the 
right  terminal  pressure  at  the  ends  of  the  longer  feeders ; 
while  the  terminal  pressure  of  the  short  ones,  being  then 
too  great,  is  reduced  by  inserting  one  or  more  secondary 
cells  in  opposition  at  the  generating  station  end,  the  E.M.F. 
of  these  being  contrary  to  the  supply  E.M.F.  Another 
method  is  to  insert  boosters  either  at  the  station,  or  at  the 
distributing  ends  of  the  long  feeders;  these  having  the 
effect  of  slightly  raising  or  **boosting-up''  the  pressure  to 
compensate  for  the  extra  drop.  The  action  of  such  a  booster 
was  explained  in  §  204.  Or  ready-charged  cells  may  be 
inserted  at  the  station  end  so  that  their  E.M.F.  helps  the 
bus-bar  E.M.F. 

These  methods  are  only  applicable  on  direct-current 
systems.  In  alternating-current  work,  the  pressure-drop 
in  a  feeder  may  be  increased  or  diminished  by  means  of  a 
static  booster  or  a  regulable  transformer,  as  explained  in 
§  197;  or  by  altering  its  impedance  by  means  of  a  large 
choking  coil  similar  to  those  in  Figs.  68  and  69. 

Another  way  of  dealing  with  the  varying  drop  on  feeders 
in  direct-current  systems,  is  to  have  multiple  bus-bars  at 
slightly  different  pressures;  the  long  and  short  feeders 
being  connected  to  the  bars  at  the  higher  and  lower 
pressures  respectively  (§  233). 

*222.  The  Three-wire  System. — The  diagrams  that 
have  been  given  in  this  chapter  so  far,  illustrate  the  2- wire 
system  of  distribution.  Now-a-days,  however,  only  small 
supply  systems  are  on  this  principle  throughout.  In  large 
ones  only  the  smaller  branches  of  the  distributing  network 
are  2-wire;  the  larger  or  main  distributors  being  3-wire. 
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A  considerable  saving  in  copper  results  from  the  adop- 
tion of  the  3-wire  system,  which  permits  the  use  of  a 
pressure  on  the  distributing  mains  double  that  required 
at  the  lamps.  The  advantages  of  high  pressure  are  briefly 
as  follows.  The  load  on  a  circuit  is  expressed  in  kilowatts, 
and  any  given  amount  of  power  may  be  conveyed  in  the  form 
of  a  large  total  current  at  low  pressure,  or  as  a  small  total 
current  at  high  pressure.    Now  a  large  current  means  plenty 


Fig.  358.— The  Three- wire  System. 


of  copper  in  the  cables,  while  a  high  pressure  necessitates 
good  insulation ;  and,  all  things  considered,  well-insulated 
copper  cables  of  low  conductance  are  cheaper  than  ordin- 
ary insulated  ones  of  high  conductance.  With  a  fixed 
current  density,  cables  at,  say,  200  volts  will  carry  twice  the 
power  if  the  pressure  be  increased  to  400  volts ;  and  four 
times  the  power  if  both  the  current  and  the  pressure  be 
doubled,  the  current  density  of  course  being  also  doubled 
in  this  case.  This  matter,  by  the  way,  was  fully  entered 
into  in  §  214. 
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Fig.  358  represents  a  portion  of  a  3-wire  distributor,  the 
middle  wire  being  termed  the  neutral  or  balancing  wire. 
This  middle  wire  need  only  have  half  the  cross-section  of 
the  "  outers,"  as  it  is  only  required  to  carry  current  when 
the  demand  on  one  side  exceeds  that  on  the  other.  We 
may  conveniently  distinguish  the  three  mains  by  the  signs 
+  ,  0,  and  — ;  C,  C,  C,  etc.,  representing  consumers  supplied 
by  the  mains,  some  being  connected  between  +  and  0,  and 
some  between  —  and  0.  The  former  is  termed  the  posi- 
tive side,  and  the  latter  the  negative  side  of  the  system. 

Let  us  first  consider  how  this  arrangement  of  conductors 
results  in  the  saving  of  copper.  Suppose  we  have  to  deal 
with  a  load  (lamps,  motors,  etc.)  equivalent  to  100  kilo- 
watts. On  a  2-wire  system  at,  say,  245  volts,  this  means 
that  each  cable  must  carry  about  408  amperes.  With  three 
cables,  the  same  load  can  be  dealt  with  at  double  the  pres- 
sure, i.e.  490  volts;  so  that  the  maximum  current  will  then 
be  204  amperes.  Neglecting  the  middle  wire,  the  amount  of 
copper  in  the  mains  would  thus  be  reduced  to  exactly  one- 
half:  but  taking  the  middle  wire  into  account,  this  having 
half  the  section  of  either  "  outer,"  i.  e.  a  carrying  capacity 
of  102  amperes,  the  reduction  is  to  five-eighths.  For 
with  a  2-wire  distributor,  the  total  cross-section  of  the 
cables  is  equivalent  to  2x408  =  816  amperes;  while  with 
3-wire  distributors  the  total  cross-section  is  equivalent  to 
2  X  204  +  102  =s  510  amperes.  Thus,  copper  in  3-wire 
system  :  copper  in  2-wire  system 

:  :  510  :  816  =  five-eighths. 

The  actual  saving  of  copper,  however,  is  generally  greater 
than  this,  for,  as  will  be  seen  later  on  (Figs.  360  and  368), 
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it  is  possible,  under  certain  conditions,  to  feed  into,  the 
3-wire  distributors  with  2-wire  feeders  connected  to  the 
outers;  the  saving  of  copper  in  the  feeders  being  then 
very  considerable.  In  fact,  taking  both  feeders  and  dis- 
tributors into  consideration,  the  outlay  on  copper  is  often 
reduced  to  nearly  one-half. 

With  3-wire  distributors,  the  load  has  to  be  as  equally 
divided  as  possible  between  the  two  sides  of  the  system. 
The  duty  of  the  middle  wire  is  to  make  up  for  the  want 
of  balance  on  either  side,  and  it  performs  this  by  taking 
current  into  or  sending  it  out  from  the  generating  or  sub- 
station, or  feeder  point,  as  required.  It  has  also  to  carry 
current  from  one  part  of  the  system  to  another,  as  when  a 
heavily-loaded  portion  on  the  +  side  is  some  distance 
from  the  equivalent  load  on  the  —  side,  or  vice  versd. 

In  Fig.  358  there  are  three  groups  of  consumers,  X,  Y, 
and  Z.  In  the  first  instance,  we  will  suppose  that  only 
groups  X  and  Y  are  taking  current,  and  that  the  demand 
by  each  is  exactly  the  same.  Under  these  conditions  there 
would  be  no  flow  of  current  along  0  to  or  from  the  station 
or  feeder  point;  and  since  the  connections  of  groups  X 
and  Y  are  exactly  opposite,  there  would  be  no  flow  of 
current  at  any  part  of  0.  In  practice,  however,  such 
perfect  balance  never  exists.  Secondly,  we  will  assume 
that  the  load  on  each  side  is  equal,  and  that  it  consists 
of  groups  X  and  Z.  In  this  case  there  would  be  no  flow 
of  current  along  0,  inwards  or  outwards,  to  or  from  the 
source  of  supply ;  but  there  would  be  a  flow  from  X  to  Z 
as  indicated  by  the  arrow  1,  Next,  suppose  the  load 
be  unequal,  all  three  groups  X,  F,  and  Z  being  in  circuit. 
Under  these  circumstances,  the  supply  of  current  passing 
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through  X  will  be  too  small  for  Y  and  Z\  and  a  current 
sufficient  to  make  up  the  deficit  will  flow  outwards  along  0, 
as  indicated  by  the  arrow  2.  If,  lastly,  the  load  on  the  + 
side  be  greater  than  that  on  the  —  side ;  the  balance  of  + 
current  that  is  not  required  by  the  —  side  will  flow  inwards 
to  the  source,  as  indicated  by  the  arrow  S, 

In  Fig.  358,  for  simplicity's  sake,  the  service  wires  of 
the  consumers  C,  C,  C,  etc.,  have  been  drawn  between  the 
mains,  instead  of  outside  as  at  A,  A  3-wire  distributing 
network  is  seldom  3- wire  throughout ;  2-wire  branches,  as 
at  D  and  E,  being  taken  oflf  either  side  to  supply  con- 
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Fig.  359.— The  Three-wire  System. 

sumers  in  by-streets.  Tliis  does  not  alter  the  principle 
of  the  system,  however. 

22'i  Simple  Applications  of  the  Three-wire 
System. — There  are  several  different  methods  of  applying 
the  3-wire  system,  the  chief  of  which  will  now  be 
described. 

{a)  Originally,  the  three  mains  were  connected  to  three 
bus-bars  in  the  direct- current  central  station,  as  depicted 
in  Fig.  359  ;  and  dynamos  were  joined  up  as  shown, 
extra  ones  being  switched  on  as  required.  Provision  was 
made  to  enable  any  machine  to  be  put  on  either  the 
+  or  —  side,  as  was  necessary.     If  the  loads  on  each  side 
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were  equal,  no  current  would  flow  along  the  neutral  wire, 
and  the  dynamos  would  virtually  be  working  in  pairs  of 
two  in  series.  If  the  +  side  had  the  greater  demand,  the 
surplus  current  would  flow  back  along  the  middle  wire  to 
the  "  A  "  machines,  as  indicated  by  the  arrow  1,  But  if 
the  +  had  less  load  than  the  —  side,  the  extra  current 
required  by  the  latter  would  flow  out  from  the  "  B " 
dynamos  along  the  middle  conductor,  as  indicated  by  the 
arrow  2. 

In  practice,  of  course,  sets  of  mains  would  radiate  in  all 
directions  from  the  bus-bars,  as  at  (a)  in  Fig.  352.     Or 


Fig.  360.— The  Three- wire  System. 

3-wire  feeders  might  be  led  to  various  points,  as  at  (b)  in 
the  same  figure.  The  ring  system  (Fig.  357)  is  as  applicable 
in  3-wire  as  in  2-wire  work. 

(b)  Although  the  middle  or  balancing  conductor  forms 
part  and  parcel  of  a  3-wire  distributing  network ;  where 
feeders  are  employed,  it  is  not  at  all  necessary  that  each 
of  them  should  contain  a  middle  wire.  Thus  in  Fig.  360, 
F,  jP,  F,  are  2-wire  feeders,  and  the  middle  wire,  being  con- 
tinuous over  the  whole  system,  is  connected  with  the 
neutral  bus-bar  at  the  generating  station  G^  by  a  single 
conductor.  This  may  be  quite  independent  of  the  feeders, 
as  at  C;  or  it  may  form  part  of  one  of  them,  as  shown 
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by  the  dotted  line  C.  It  does  not  follow,  however,  that 
a  single  balancing  cable  would  always  suffice.  On  a  large 
network  there  would  be  several,  which  would  conveniently 
be  combined  with  the  nearest  feeders;  so  that  some  of  the 
latter  would  be  2-wire,  and  some  3-wire. 

(c)  Where  it  is  permissible  to  earth  the  middle  wire,  a 
3-wire  network  can  be  formed  of  two  iron-lead-sheathed 
or  lead-sheathed  cables  (Fig.  361) ;  the  copper  cores  of  the 
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Fig.  361,— Earthed  3-wire  System.  Fig.  362.— Earthed  3-wire 

System. 

cables  forming  the  "  outers,"  and  the  two  sheathings  S,  S 
the  balancing  conductor,  the  cross  section  of  the  iron  and 
lead  being  sufficient  to  make  up  for  their  low  conductivity. 
In  Fig.  361  consumer  A  is  connected  between  the  + 
cable  and  its  sheathing,  and  consumer  B  between  the  — 
cable  and  its  sheathing.  The  fact  that  the  two  sheathings 
form  practically  one  conductor,  in  connection  with  earth, 
is  indicated  by  the  earth-plate  JE.  A  better  arrangement 
would  consist  in  having  a  single  sheathed  cable  with  two 
cores,  as  in  Fig.  362. 
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The  saving  of  copper  on  such  a  system  would  be  a 
maximum,  as  it  would  virtually  give  all  the  advantages  of  a 
3-wire  system,  with  2-wire  copper  feeders  and  distributors. 
It  is  essential  of  course  that  all  the  cables  should  be 
armoured,  the  armouring  of  the  feeders  acting  as  balancing 
conductors  between  the  station  and  the  distributors.  One 
good  point  of  an  earthed  system,  such  as  this,  is  that  it  lends 


Fig.  363.— Multiple  Bus-Bars. 

itself  to  the  adoption  of  concentric  house  wiring,  which 
latter  has  much  to  recommend  it,  but  cannot,  unfortunately, 
be  used  on  other  than  earthed  systems  (Chap.  III.). 

Although  such  a  system  of  earthed  mains  is  an  ideal 
one  in  many  respects,  the  Board  of  Trade  regulations  do 
not  permit  of  its  use  except  in  very  special  cases.  The 
system  is  employed  at  Guildford,  however,  the  distributors 
consisting  of  2-core  concentric  cables  (§  242),  the  armouring 
of  which  forms  the  neutral  conductor. 
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In  order  to  cope  the  better  with  unequal  loads,  and 
with  feeders  of  various  lengths  and  therefore  different 
drops,  multiple  bus-bars  may  be  employed.  Thus  in 
Fig.  363,  A,  B,  C  are  three  pairs  of  bus-bars,  with  vertical 
cross-bars  at  the  middle  and  at  either  end.  The  middle 
cross-bars  are  connected  with  the  dynamos  Nos.  1,  2,  and  3 ; 
and  the  end  ones  with  the  feeders  F^,  F^,  and  F^,  The 
feeder  bars  are  2-wire  only,  but  the  centre  portion  of  the 
lines  of  "  buses  "  is  arranged  with  centre  or  neutral  bars,  as 


Fig.  364.— Bus-Bar  Socket  and  Plug. 

shown  by  the  dotted  lines ;  these  being  connected  with  the 
middle  wires  of  the  distributing  networks  i>,  B,  Z>,  through 
cables  N,  N.  Thus  3-wire  feeders  are  dispensed  with,  the 
possibilityof  which  wasexplained  in  connection  with  Fig.  360. 
The  dynamo  or  feeder  bars  are  connected  with  any  pair  of 
the  buses  at  will  by  means  of  plug  switches,  the  principle 
of  which  will  be  gathered  from  Fi^:.  364.  Here  JS  is  a 
bus-bar,  and  F  a  feeder  or  dynamo  bar  behind  it,  Pa 
contact  plug,  and  S  a  contact  socket.  The  sockets  and 
plugs  are  often  threaded,  so  that  a  more  certain  contact 
between  the  bars  is  made  by  the  screwing-in  of  the  plugs. 
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In  Fig.  363  the  buses  and  cross-bars  are  indicated  by 
single  lines  only,  and  the  small  circles  indicate  the  plug 
sockets.  The  circles  that  are  filled  in  black  are  meant  to 
denote  that  plugs  are  inserted.  Thus  it  will  be  seen  that 
Fi  is  connected  with  the  "A'*  buses,  F2  with  jB,  and 
Fq  with  C.  It  will  also  be  evident  that  any  feeder  may 
easily  be  connected  with  any  pair  of  buses  at  will. 

With  regard  to  tlie  dynamos,  the  plugging  arrange- 
ments not  only  enable  any  given  machine  to  be  connected 
with  any  of  the  sets  of  buses;  but  also  on  either  the 
positive  or  negative  side  of  any  particular  set  at  will. 
Thus  referring  to  No.  1  generator  and  B  buses,  if  a  and  c 
be  plugged,  the  machine  will  be  thrown  in  on  the  +  side 
of  B ;  but  if  b  and  d  be  plugged,  the  dynamo  will  be 
on  the  —  side.  The  illustration  shows  No.  2  and  No.  3 
machines  plugged  in  on  the  +  and  —  sides  respectively  of 
the  0  buses,  while  No.  1  is  out  of  circuit.  On  an  actual 
switchboard  provision  would  have  to  be  made  for  a 
number  of  dynamos,  as  there  would  be  at  least  two 
(+  and  — )  for  every  set  of  buses,  and  spare  ones  besides. 

The  advantages  of  this  arrangement  are,  firstly,  that  the 
different  sets  of  buses  can  be  kept  at  different  pressures ; 
thus  A  might  be  at  505  volts,  B  at  510  volts,  and  0  at 
520  volts.  Then  there  would  be  little  difficulty  in  com- 
pensating for  the  varying  drop  in  the  feeders ;  the  short 
ones  being  connected  with  A,  the  longer  with  B,  and  the 
longest  with  0.  Secondly,  as  the  load  altered  on  either 
side  of  any  given  set  of  buses,  the  supply  could  be  altered 
to  cope  with  it.  Thus  suppose  that  when  A  was  fairly 
balanced,  three  machines  were  connected  on  each  side, 
^.  e,  six  in  all :  if  now  the  load  became  much  greater  on 


§  224.] 


THREE-WIRE  DISTRIBUTION, 


609 


one  side,  a  seventh  machine  could  be  plugged  in  on  that 
side. 

224.  Three-wire  Distribution  with  Batteries. — {a) 
Fig.  865  illustrates  one  method  of  using  a  secondary  battery 
for  balancing  the  two  sides  of  a  3-wire  system.  The 
2-pole  bus-bars,  into  which  one  or  more  dynamos  feed 
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Fig.  365. — Three-wire  Distribution  with  Batteries. 

as  required,  are  connected  with  two-way  switches  T^  T,  by 
means  of  which  they  may  be  joined  up  direct  either  to  the 
outers,  or  to  the  ends  of  a  batteiy  B.  At  these  ends 
multiple-way  charge  and  discharge  switches  S,  S,  S",  S"  form 
the  connection  with  both  the  generator  and  outside 
circuits,  the  centre  of  the  battery  being  connected  straight 
up  to  the  middle  wire.     The  above  may  form  the  only 
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connection  with  the  distributing  network  D :  or  Ff  F 
may  be  regarded  as  one  set  of  feeders,  other  batteries  and 
feeders  being  connected  to  the  bus-bars  through  other 
pairs  of  mains  M,M, 

The  2-way  and  multiple-way  switches  give  a  variety  of 
connections.      If  the   bus-bars   be   connected  directly  to 
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Fig.  366.  — Three-wire  Distribution  with  Batteries. 


F,  F,  the  full  P.D.  is  thrown  thereon.  Then  the  battery 
will  receive  charging  current  through  the  switches  S\  S' ; 
but  it  cannot  be  of  very  material  use  in  adjusting  the  total 
P.D.  between  the  outers.  The  P.D.  between  either  outer 
and  the  inner,  however,  may  to  some  extent  be  adjusted 
hy  S'yS'.  When,  on  the  other  hand,  the  bus-bars  are 
connected  direct  to  the  battery  through  T,  T;   the  P.D. 
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between  the  two  outers,  as  well  as  that  between  either 
outer  and  the  inner,  may  be  altered  considerably. 

A  great  advantage  of  this,  and  of  most  other  battery 
systems,  is  that  at  times  of  light  load,  the  dynamos  may  be 
"  shut  down,"  and  the  supply  given  wholly  by  the  battery. 

(6)  A  simpler  but  less  eflScient  method  of  using  a 
balancing  battery  is  depicted  in. Fig.  366.  Here  the  station 
bus-bars  are  connected  permanently  to  the  outer  feeders 
Fy  F,  and  through  multiple- way  switches  8y  S,  with  the 
ends  of  the  battery  B :  the  balancing  or  third  wire  feeder 
/  being  joined-up  to  th6  centre  of  the  battery,  through 
another  multiple  switch  ^S'.  The  bus-bar  pressure  is 
adjusted  to  the  exact  value  required  by  the  outers,  allow- 
ance of  course  being  made  for  drop;  and  the  switch  S' 
permits  of  the  varying  demand  on  either  side  being 
balanced  to  a  nicety.  Thus,  if  the  loads  on  both  sides  of 
/  were  equal,  the  number  of  cells  on  either  side  would 
also  be  equal.  If,  however,  there  were  a  greater  load  on 
the  positive  than  on  the  negative  side,  S"  would  be  so 
manipulated  as  to  increase  the  number  of  cells  on  the 
4-  side,  to  meet  the  greater  fall  of  pressure  there  con- 
sequent on  the  increased  current.  The  switches  S,  S 
enable  the  number  of  cells  under  charge  to  be  altered ; 
and  when  the  load  is  being  run  off  the  cells  alone,  the 
P.D.  on  the  outer  feeders  may  be  adjusted  by  their  means. 

(c)  Instead  of  having  three  regulating  switches,  the 
battery  may  be  split  in  the  middle,  when  two  switches  will 
suflBce ;  both  of  these  being  connected  to  the  middle  wire,  in 
the  way  depicted  in  Fig.  367.  It  should  be  clear  that  this 
arrangement  is  just  as  "  flexible  "  in  regard  to  its  regulating 
capabilities  as  that  in  Fig.  366.     Its  advantages  are  that 
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the  two  switches  or  regulators  may  be  fixed  close  together 
on  the  switch-board,  there  being  no  P.D.  between  them ; 
and  that  the  cost  of  a  third  switch  is  saved. 

When  batteries  are  used  without  charging  boosters,  as 
in  the  above  three  cases,  they  are  often  referred  to  as 
floating  batteries, 

225.  Three-wire  Distribution  with  Equalizers  or 
Balancers. — ^An  equalizer  or  balancer,  sometimes  called 
also  a  motoQ^  compensator,  is  simply  a  motor-dynamo  or 
direct-current  transformer  applied  to  the  special  purpose 
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Fig.  367.— Three-wire  Distribution  with  Batteries. 

of  3-wire  distribution.  The  principles  of  motor  dynamos 
were  explained  in  §§  202  and  203,  and  it  will  be  remem- 
bered that  the  two  sets  of  armature  coils  may  be  wound 
either  on  separate  cores  or  on  a  common  core.  There  are 
several  ways  in  which  such  machines  may  be  applied  in 
3-wire  distribution  work. 

In  Fig.  368,  G,G'  are  the  commutators  of  the  two 
distinct  sets  of  coils  wound  on  the  armature  A,  the  field  ^ 
of  which  may  be  connected  across  the  mains  M  +  and  M  — , 
coming  from  the  station  bus-bars.  These  mains  are  joined- 
up   with    the    outer   distributing   mains  1)  +  and  D  — , 
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and  with  one  brush  of  each  commutator ;  the  other  brushes 
being  coupled  together,  and  to  the  balancing  distributor  d. 
When  the  loads  on  the  two  sides  are  equal,  the  pressures 
between  D  -f-  and  d,  and  between  d  and  D  —  will  like- 
wise be  equal.  Under  these  conditions,  a  small  current, 
as  indicated  bj^  the  firm  arrows,  will  flow  from  M  +io  M  — 
through  G  and  (7 ;  and  the  machine  will  rotate,  its  two 
windings  acting  together  like  those  of  two  motors  in  series. 
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Fig.  368.  —Three-wire  Balancer  or  Equalizer. 

If  the  load  on  the  +  side  preponderate,  the  P.D.  at  G 
will  fall  below  that  at  C  The  coils  connected  with  (7 
will  then  act  as  a  motor  armature,  and  will  drive  the 
windings  connected  with  C,  generating  volts  therein, 
these  volts  making  up  the  deficit  of  (or  "  boosting  up")  the 
pressure  between  D  +  and  d.  If  the  overload  be  on  the 
—  side,  G  will  become  the  motor  end  and  G'  the  dynamo 
end.  If  the  reader  think  of  a  balancer  in  which  the 
armatures  are  quite  separate,  as  in  Fig.  370,  instead  of 
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together  as  in  Fig.  368,  it  may  assist  liim  in  understanding 
its  action  in  this  case. 

Another  but  cruder  way  of  explaining  the  action  of  tlie 
balancer  is  as  follows.  When  balance  exists,  no  current 
traverses  d\  and  that  flowing  from  the  +  to  the  —  main 
through  G  and  (7',  as  indicated  by  the  firm  arrows,  will 
simply  act  motorwise  in  both  armature  windings.  If, 
now,  an  overload  exist  on  the  negative  side,  extra  current 
will  be  drawn  from  M  +  through  G  and  along  d,  as  indi- 
cated by  the  dotted  arrows.  This  extra  current,  in  passing 
through  C's  armature,  will  drive  it  faster  as  a  motor,  and 
C"  will  in  consequence  give  out  volts  to  make  up  for  the 
deficit  in  pressure  between  d  and  jD  — .  When  the  P.Ds. 
on  the  two  sides  of  d  are  again  equal,  both  sides  of  the 
balancer  will  act  motorwise  as  before. 

The  power  absorbed  by  the  balancer  is  a  minimum 
when  the  loads  on  both  sides  of  the  system  are  most 
nearly  equal.  Although  it  is  connected  across  the  outers, 
it  must  be  remembered  that  the  two  windings,  when 
acting  motorwise,  generate  a  counter  E.M.F.;  and  this  has 
the  effect  of  keeping  the  current  through  the  machine 
low. 

If  the  balancer  were  situated  in  the  generating  station, 
M  +  and  Jf  —  would  be  the  bus-bars,  and  D  +,  d,  and 
D  —  the  distributing  mains :  and  any  required  number  of 
balancers  could  be  so  connected  to  the  buses.  This  arrange- 
ment is  generally  used,  however,  when  the  balancer  is  placed 
at  a  sub-station;  in  which  case  M  +  and  M  —  become 
the  ends  of  a  2-wire  feeder  from  the  generating  centre. 

Although  the  Board  of  Trade  rules  specify  that  no 
greater  pressure  than  250  volts  shall  be  introduced  into 
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any  consumer  s  premises  between  any  pair  of  terminals ; 
on  a  3-wire  system  at  400  to  500  volts,  all  three  wires 
may  be  led  into  the  building  if  they  are  branched  ofif  to 
2-wire  main  distribution  boards  well  separated  from  each 
other.  It  may  happen,  in  course  of  years,  that  we  shall 
get  distribution  with,  say,  1000  volts  between  the  outers, 
and  500  volts  between  each  outer  and  the  neutral  wire. 
Then  a  supply  might  be  led  into  a  street  box  at  500  volts, 
and  transformed  into  a  secondary  3-wire  supply  by  means 
of  a  balancer  as  in  Fig.  368 ;  the  two  secondary  wires  on 
each  side,  formed  by  "forking"  or  splitting  the  neutral 
wire,  being  led  to  250-volt  distribution  boxes,  and  neigh- 
bouring groups  of  consumers  supplied  therefrom.  Or  in 
the  case  of  a  large  consumer,  the  balancer  might  be  placed 
adjacent  to  his  premises,  and  the  3-wire  secondaries  led  to 
two  well-separated  distribution  boards,  as  above  described. 

226.  Three-wire  Distribution  with  Balancer  and 
Batteries. — If,  when  the  balancer  is  situated  at  the 
generating  station,  feeders  instead  of  distributors  were 
connected  thereto,  the  working  would  not  be  satisfactory. 
In  such  a  case,  a  battery  must  be  used  in  conjunction  with 
the  equalizer,  in  one  of  the  two  ways  mentioned  below. 

In  Fig.  369,^  JS  is  the  equalizer  or  balancer,  which  is 
connected  through  the  multiple-way  switches /S,/?,  with  the 
two  ends  of  the  battery  Ba;  the  mid  points  of  the  balancer 
and  of  the  battery  being  connected  together,  and  with  the 
third-wire  or  neutral  feeder  T  at  X.  Other  multiple-way 
switches  /S',  ^,  connect  the  battery  with  the  bus-bars  JS,  JS, 
and  with  the  outer  feeders  F  +  and  F  — .     The  pressure 

^  One  of  the  battery  connections  has  inadvertently  been  left  out  of 
the  figure. 
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between  the  outers  is  equal  to  that  between  the  bus-bars, 
but  the  proportion  on  either  side  of  T  is  regulated  by  the 
switches.  Thus  by  moving  S  and  S'  (in  the  upper  half 
of  the  figure)  in  the  opposite  directions  indicated  by  the 
two  arrows,  the  P.D.  between  F+  and  T  is  increased, 
and  vice  versa.  With  any  given  position  of  the  switches 
Sj  S,  and  S",  S",  the  conditions  in  the  circuit  are  these : — A 
current  is  continually  flowing  through  the  armature  wind- 
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ings  of  the  balancer,  but  when  the  P.D.  between  each 
pair  of  brushes  is  the  same,  both  windings  act  motorwise. 
If  the  load  increase  (and  the  P.D.  drop)  on  one  side, 
that  side  will  generate  volts  and  add  them  to  the  circuit, 
the  machine  being  driven  by  the  excess  volts  on  the  other 
side.  The  advantages  of  this  arrangement,  which  should 
be  compared  with  that  in  Fig.  365,  are  that  the  balancer 
supplies  most  of  the  third  wire  current,  and  that  the 
battery  may  consequently  be  composed  of  cells  of  small 
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capacity.    The  "  off  *'  stops  enable  the  balancer  to  be  thrown 
out  at  times  of  light  load. 

A  simpler  way  of  arranging  an  equalizer  and  a  battery, 
in  which  the  latter  need  only  consist  of  a  few  cells,  is 
depicted  in  Fig.  370.  In  this  method,  however,  because  of 
the  small  number  of  cells,  the  battery  cannot  act  as  the 
source  of  supply  at  times  of  light  load.  HJ  is  the  equalizer, 
this  being  shown  with  two  separate  armature  cores  for  the 
sake  of  variation.    There  are  three  multiple-way  switches ; 


Fig.  370. — Three-wire  Distribution  with  Battery  and  Balancer. 

two,  U^  and  JS^y  being  joined  up  to  the  opposite  sides  of  the 
equalizer,  and  the  third,  N,  with  the  neutral  wire.  All 
three  are  connected  up  to  the  same  cells,  there  being  two, 
four,  six,  or  more  cells  between  each  switch  contact, 
according  to  the  gradations  of  voltage  required.  The 
pressure  on  the  outer  feeders  F,  F  is  always  that  of  the 
bus-bars  ByB\  but  the  proportion  on  either  side  of  the 
neutral  wire  N  is  adjusted  by  means  of  the  three  switches, 
but  more  particularly  by  N\  E^  and  E^  regulating  the 
charging  of  the  cells.    If  all  three  switches  should  happen 
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to  be  on  corresponding  contacts,  as  in  the  figure,  the  battery 
is  out  of  action,  and  the  arrangement  becomes  similar  to 
that  shown  in  Fig.  368.  In  fact  the  method  may  be 
regarded  as  similar  to  that  shown  in  the  latter  figure, 
but  with  the  addition  of  a  variable  number  of  cells  at  the 
junction  J.  These  cells  serve  to  introduce  extra  counter 
E.M.F.  in  the  balancer  circuit,  and  so  reduce  the  current 
through  it ;  the  action  of  the  balancer  being  precisely  the 
same  in  both  cases. 

In  Figs.  369  and  370  we  have  represented  the  connec- 
tions of  the  battery  and  balancer  in  as  simple  a  manner  as 
possible,  and  have  said  nothing  about  boosters.  In  §  237 
will  be  found  a  more  complete  diitgram  of  the  arrange- 
ments and  connections  at  a  direct-current  station,  a 
balancer-booster  combination  being  there  employed. 

227.  The  Chelmsford  Reversible  Booster. — In 
§  181  the  action  of  an  ordinary  battery-charging  booster 
was  described,  and  it  was  there  explained  that  the  sole 
function  of  such  is  to  boost-up  the  bus-bar  pressure,  and 
enable  the  battery  to  be  charged.  A  reversible  booster  not 
only  does  this,  but  also  boosts-up  the  battery  pressure  when 
it  is  discharging,  setting  itself  automatically  to  the  per- 
formance of  either  duty  as  the  conditions  necessitate.  In 
§  237  a  non-automatic  reversible  booster  is  described. 

A  simple  diagram  of  one  automatic  arrangement,  known 
as  the  Chelmsford  or  Crompton  Reversible  Booster,  is 
given  in  Fig.  371.  Here  B,  B  are  the  bus-bars,  and  G,  G 
the  generators.  Jf  is  a  shunt-wound  (and  therefore  con- 
stant-speed) motor  connected  across  the  bus-bars,  and 
driving  the  booster  B\  The  latter  has  two  sets  of  exciting 
coils,  e  and  e\  connected  in  opposition ;  e  forming  a  shunt 
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across  the  battery  B'\  find  e'  carrying  a  part  of  the  main 
current.  The  rheostat  B,  by  means  of  which  more  or  less 
of  the  main  current  may  be  shunted  away  from  e\  enables 
the  relation  between  e'  and  e  to  be  adjusted,  according  to 
the  condition  of  the  cells  and  of  the  main  circuit. 

When  the  generators  are  working  on  their  normal  out- 
side load,  the  shunt  and  series  exciting  coils  of  B'  are 
equal  in  effect ;  so  that  no  field  is  set  up,  and  no  pressure 
generated  by  the  booster.  Then  the  battery  simply  "  floats 
on"  the  line,  it  neither  charging  nor  discharging.     If 


Fig.  371.— The  "  Chelmsford  "  Reversible  Booster. 


the  external  load,  and  consequently  the  current  passing 
through  e'  increase,  the  field  due  to  e'  will  more  than 
counterbalance  that  due  to  e;  so  causing  B'  to  generate 
pressure,  in  proportion  to  the  field,  in  the  same  direction 
as  that  of  the  battery,  which  will  thereupon  discharge  and 
supply  the  current  required  for  the  extra  load.  When 
the  load  decreases,  the  excitation  due  to  e  will  preponderate 
over  that  due  to  e' ;  and  B'  will  then  work  in  opposition  to 
the  battery,  its  counter  E.M.F.  enabling  the  bus-bar  pres- 
sure to  send  a  charging  current  through  the  battery.     As 
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already  mentioned,  the  relation  of  e  to  e'  is  governed  hj  R. 
Thus  if  it  be  found,  after  a  few  days'  working,  that  the  cells 
do  not  get  su  fiScient  charging ;  the  resistance  at  R  must  be 
decreased,  so  as  to  bring  e  into  action  more  often  and  with 
greater  effect ;  and  vice  versa. 

One  obvious  advantage  possessed  by  this  arrangement 


Fig.  372.— The  Highfield  Reversible  Booster  arranged  for 
Lighting  Work. 

is  that  no  regulating  cells  or  switches  are  required  in  the 
battery  circuit,  so  that  a  less  number  of  cells  is  necessary. 
Furthermore,  the  load  on  the  generators  is  kept  fairly 
constant,  the  battery  being  discharged  only  at  times  of 
heavy  load,  and  charged  during  periods  of  light  load. 
This  arrangement  may  be  used   to   feed  a  three-wire 
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system  by  inserting  a  balancer  at  Ba,  this  acting  as 
previously  explained  in  connection  with  Fig.  368. 

228.  The  Highfield  Keversible  Booster. — This 
automatic  arrangement  (Fig.  372)  is  an  improvement  on 
that  just  described,  but  it  is  not  quite  so  simple. 

B,  B  are  the  bus-bars,  and  G,  G  the  generators.  The 
booster  device  consists  of  three  machines,  a  motor  M, 
booster  B",  and  "  opposer  "  or  booster  exciter  K  The  booster 
shunt  field  coil  S  is  connected  in  series  with  E,  which  pro- 
vides the  exciting  current  for  the  former,  and  the  two  are 
joined-up  to  the  ends  of  the  battery  Ba,  The  number  of 
cells  in  the  battery  must  be  such  that  at  the  normal  P.D. 
per  cell  (2  volts),  its  total  P.D.  shall  be  equal  to  that 
between  the  bus-bars.  But  if  the  battery  is  never  required 
to  be  connected  to  the  circuit  without  the  booster,  the 
number  of  cells  may  be  less  than  this.  The  exciter  is 
shunt-wound,  and  a  rheostat  B  enables  its  excitation  to  be 
adjusted,  in  case  its  pressure  should  vary  owing  to  the 
heating-up  of  the  machine  after  being  in  use  for  some  hours. 
Tlie  motor  is  also  shunt-wound,  and  is  connected  across 
the  bus-bars ;  its  circuit  including  a  starter  and  regulating 
resistance,  which,  however,  are  omitted  from  the  figure. 

The  booster  armature  is  connected  in  series  with  the 
battery,  so  that  all  the  battery  current,  whether  it  be  on 
charge  or  discharge,  passes  through  it.  A  double-pole 
throw-over  switch  TOS  enables  the  booster  to  be  cut  out, 
as  at  night-time,  when  the  battery  may  be  required  to  deal 
with  the  load  by  itself. 

In  addition  to  the  shunt-winding  mentioned  above,  the 
booster  has  also  a  series  winding  Se,  through  which  passes 
a  fraction  of  the  main  current  flowing  into  the  +  feeder  ; 


622  ELECTRIC  LIGHTINV,  ETC,         [chap.  xvii. 

this  fraction  being  determined  by  the  position  of  the  slider 
on  the  diverting  rheostat  D,  which  corresponds  with  E  in 
Fig.  371.  The  winding  Se  gives  a  slight  boost  in  the  dis- 
charge direction,  but  this  is  only  appreciable  when  an  extra 
heavy  current  is  flowing  to  the  feeder.  Thus  its  purpose 
is  to  assist  the  discharge  when  the  load  becomes  very  greats 

The  motor  drives  the  booster  and  exciter  at  a  constant 
speed,  and  the  latter  gives  a  constant  pressure  equal  to  the 
normal  line  pressure.  As  long  as  the  battery  and  exciter 
pressures  are  equal,  there  will  be  no  current  in  S,  and  con- 
sequently no  boost :  but  directly  the  battery  pressure  falls 
below  that  of  the  exciter,  the  latter  acts  as  a  generator, 
supplying  current  through  S  to  the  battery,  and  causing 
the  booster  to  give  a  pressure  exactly  equal  to  the  diflfer- 
ence  between  the  exciter  and  battery  pressures.  The 
current  supplied  in  this  way  by  the  exciter  to  the  battery 
never  exceeds  about  five  amperes,  and  thus  plays  no 
appreciable  part  in  the  charging  of  the  battery. 

When  the  battery  pressure  rises  above  that  of  the 
exciter,  a  current  from  the  battery  will  flow  through  the 
exciting  coil  S  of  the  booster,  reversing  its  polarity ;  and 
also  through  the  exciter  Ey  which  will  now  run  as  a  motor. 
The  boost  of  B"  will  then  again  be  equal  to  the  difference 
between  the  exciter  and  battery  pressures,  but  in  the 
opposite  direction. 

^  Suppose  the  load  on  the  line  is  a  heavy,  but  decreasing 
one,  and  that  the  battery  is  on  discharge.  As  the  load 
and  the  discharge  decrease,  so  causing  a  corresponding 
decrease  in  the  drop  of  volts  in  the  battery,  the  terminal 
pressure  of  the  latter  rises.  If  the  booster  were  short- 
circuited,  the  bus-bar  pressure  would  rise  with  the  battery 
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pressure;  but  with  the  arrangement  above  described,  the 

increase  in  the  battery  volts  decreases  the  current  flowing 

from   the   exciter  U  through  the   shunt-field,  S,  of  the 

booster;  thus  decreasing  the  booster- pressure,  and  tending 

to  maintain  a  constant  pressure  on  the  bus-bars.     When 

the  load  has  so  far  decreased  that  the  battery  pressure  has 

:i  risen  to  equality  with  the  exciter  pressure,  the  battery 

J  is  neither  charging  nor  discharging.     Then,  if  the  load 

i:  further  decrease,  the  line  pressure  rises,  since  the  output 

_j,  (volts  P.D.  X  amperes)  of  the   generators    remains    the 

!;  samej^  and  when  it  has  risen  slightly  above  the  normal,  and 

:i  so  above  the  battery  pressure,  a  charging  current  flows 

i-through  the  battery,  raising  still  further  the  pressure  of 

~0  the  latter,  so  that  it   now  exceeds  the  exciter  pressure. 

"fThe  battery  therefore  sends  a  current  through  the  exciter 

^^  circuit,  thus  reversing  the  polarity  and  consequently  the 

~  pressure  of  the  booster,  which  now  opposes  the  battery 

^  pressure,  and   assists   the   line   pressure  in   charging  the 

battery,  thus  restoring  the  former  to  its  normal  voltage. 

It  will  be  seen  tbat  the  tendency  of  the  arrangement  is 

to  maintain  a  constant  pressure  on  the  bus-bars,  and  in 

practice  it   has  been  found   to  be  more  satisfactory  than 

the  ordinary  motor-booster  (§  181). 

A  numerical  example  will  complete  the  explanation. 
Suppose  that  the  normal  bus-bar  pressure  is  500  volts,  and 
that  the  battery  consists  of  240  cells,  which  are  discharging 
such  a  current  to  the  bus-bars  that  the  battery  pressure 
has  fallen  to  480  volts.  The  pressure  required  from  the 
booster  will  then  be  20  volts.  As  the  boost  always  equals 
the  difference  between  the  battery  and  the  exciter  pres- 
sures (the   latter,  be   it  remembered,  being  the  normal 
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line  pressure),  the  boost  obtained  will  be  20  volts.  Should 
the  battery  pressure  fall  to,  say,  460  volts,  the  booster 
pressure  would  be  40  volts.     Similarly,  if  the  battery  be 


Fig.  373. — The  Highfield  Reversible  Booster  as  arrangeil  for  Traction 
Work. 


charging  at  a  pressure  of  550  volts,  the  boost  will  be  50 
volts  in  the  contrary  direction,  i.  e.  the  difference  between 
the  exciter  and  battery  pressures. 
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The  Highfield 
Booster  was  primarily 
designed  for  use  in 
connection  with  trac- 
tion work,  such  as 
tramways,  where  the 
load  is  subject  to  very 
heavy  fluctuations. 
But  it  is  also  emi- 
nently suitable  for 
lighting  work,  and 
Fig.  372  shows  the 
outers  of  a  set  of  3- 
wire  mains  joined-up 
with  the  bus  -  bars ; 
the  middle  wire  being 
connected  through  a 
balancer  Bal,  as  ex- 
plained in  connection 
with  Fig.  368. 

Fig.  373  shows  the 
arrangement  of  the 
boosting  apparatus  for 
traction  work.  Here 
G,  G  are  the  generators, 
B,  B  the  bus-bars,  Ba 
the  battery,  M  the 
motor,  U  the  exciter, 
B'  the  booster,  and  D 
the  diverting  rheostat. 
It  will  be  noticed  that 
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in  this  case  S  is  compound-wound,  and  M  differentially 
wound,  the  speed  of  the  latter  being  thereby  kept  more 
constant.  The  booster  B"  also  has  an  additional  winding, 
W,  in  series  with  the  armature ;  the  function  of  this  being 
to  compensate  for  armature  reaction.  T  is  the  trolley 
wire,  B  the  rails,  and  G  a  car  on  the  line.  It  should  be 
noted  that  the  —  pole  of  the  system  is  connected  to  the 
rails,  i.  e.  to  earth ;  this  being  the  usual  practice,  as  the 
effect  of  electrolysis  is  thereby  minimized. 

Fig.  373a  illustrates  an  actual  motor-booster-exciter 
combination.  The  motor  with  its  starting-switch  and 
resistance  is  in  the  centre,  the  large  machine  at  the  right- 
hand  end  of  the  common  shaft  being  the  booster,  and  the 
small  one  at  the  left-hand  end,  the  exciter. 

The  field-magnets  of  a  reversible  booster  must  be 
laminated,  in  order  that — when  the  magnetizing  current  in 
the  shunt  winding  is  reversed,  on  changing  over  from 
charge  to  discharge,  or  vice  versa — the  change  of  polarity 
may  take  place  rapidly. 

228a.  Three-wire  System  with  Single  and  Double 
Dynamos  and  Single  Booster. — When  the  3-wire 
system  was  first  introduced,  double  or  twin  dynamos  were 
invariably  employed ;  these  being  connected  between  three 
bus-bars  as  illustrated  in  Fig.  359.  Then  came  the 
multiple  bus-bar  method  (Fig.  363),  which  enabled  some  of 
the  dynamos  to  be  shifted  from  one  side  of  the  system  to 
the  other,  as  the  load  varied  on  either  side.  This  method 
was  later  superseded  by  the  battery  regulating  systems 
(Figs.  365 — 367),  in  which  the  middle  wire  is  connected 
to  the  battery  alone,  and  only  2-pole  generator  bus-bars 
are  necessary.    The  advent  of  the  balancer  (Fig.  368),  and 
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of  the  booster  (Fig.  298),  still  further  modified  matters  j  and 
most  direct-current  systems  now  embody  either  a  balancer, 
balancer-booster,  or  reversible  booster  combination,  in  con- 
junction with  a  battery ;  as  per  Figs.  369  to  373  and  390. 
Fig.  373b  represents  an  arrangement  recently  intro- 
duced at  the  Rathmines  Station,  in  which,  with  the  object 
of  dispensing  with  a  balancer,  twin  dynamos  are  once  more 
used.  These  are  shown  at  T  B,  and  are  connected  up 
between  the  outer  bus-bars,  B  B,  and  the  middle  bar,  M\ 
One,  two,  or  more   sets   of  these    double   d3niamos   are 


Fig.  373b. — Three-wire  System  with  Single  and  Double  Dynamos  and 
Single  Booster. 

installed  to  cope  with  any  possible  inequality  in  the 
demand  ;  the  rest  of  the  generating  plant  being  made  up 
of  single  generators,  Gj  G,  which  are  coupled  to  the  outer 
bus-bars  only. 

The  battery  is  permanently  connected  to  the  outers,  and 
through  regulating  switches  B,  R  to  the  middle  bar.  The 
advantage  of  thus  placing  the  regulators  on  the  middle  wire, 
is  that  the  leakage  from  one  set  of  battery  connections  to 
the  other,  and  from  both  sets  to  earth,  is  thereby  minimized ; 
as  then  the  P.Ds.  between  these  connections  and  earth  are 
not  more  than  a  few  volts. 
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Other  regulating  switches  R\  B'  connect  a  booster  R  to 
the  same  cells. 

By  means  of  jB,  B  the  pressures  of  the  two  halves  of  the 
battery,  and  consequently  also  the  RDs.  between  the 
middle  and  outer  mains,  may  be  kept  constant.  The 
booster  F  is  driven  by  a  shunt-wound  motor  M,  the 
terminals  of  which  may  be  connected  to  either  side  of  the 
system  by  means  of  the  change-over  switch  COS,  This 
enables  the  balancing  to  be  assisted  by  putting  the  motor 
on  to  that  side  which  is  more  lightly  loaded. 

When  charging  is  taking  place,  the  booster  is  in  series 
with  the  two  sets  of  cells,  its  function  being  to  assist  the 
bus-bar  pressure  in  charging  the  battery.  An  incidental 
advantage  of  the  arrangement  is  that  only  one  booster  is 
necessary,  instead  of  two,  as  in  the  ordinary  method  of 
charging  cells  on  a  3-wire  system  (Fig.  390).  The  field- 
coils  of  the  generators  and  booster  have  been  left  out  in 
order  to  simplify  the  diagram. 

The  working  of  the  arrangement  is  as  follows.  When 
the  battery  is  charged,  the  booster  is  cut  out  of  circuit, 
and  the  balance  between  the  two  sides  of  the  system  is 
maintained,  as  will  be  easily  understood,  by  manipulating 
the  switches  J?,  B,  As  the  cells  become  discharged,  more 
and  more  of  them  are  thrown  into  circuit  by  means  of  B,  B, 
to  maintain  the  pressure,  until  virtually  all  are  in  use. 

Suppose  it  be  now  necessary  to  charge  the  cells,  the 
load  must  first  be  taken  oflf  the  batteries  by  starting-up 
another  generator  (or  generators),  and  switching  it  on  to 
the  bus-bars.  Then,  to  commence  the  charging,  the 
motor  M  is  first  started,  and  the  excitation  of  B"  so  regu- 
lated by  means  of  a  rheostat  in  its  field  circuit,  that  the 
booster  voltage  is  equal  to  that  across  the  contacts  of  Bf^Bfy 
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so  that,  before  switching-in  at  S,  the  two  pressures  are 
equal.  This  initial  adjustment  ensures  that  the  closing  of 
S  shall  produce  no  disturbance  of  the  potentials  throughout 
the  system.  The  booster  is  then  switched  on  to  the  end 
cells,  and  its  P.D.  increased  (by  strengthening  its  field) 
until  the  required  boost  is  obtained ;  the  E.M.F.  of  B" 
acting  against  or  cancelling  some  of  that  of  the  battery, 


B 
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Fio.  373c.—  Booster  and  Regulating  Cells. 

and  thus  allowing  the  constant  bus-bar  P.D.  to  send  a 
charging  current  through  the  battery. 

As  the  end  cells  require  but  little  charging,  it  soon 
becomes  necessary  to  cut  them  out  one  by  one  by  means 
of  EyR\  the  booster  E.M.F.  being  correspondingly  regu- 
lated to  keep  the  charging  current  at  its  correct  value. 
Balance  is  maintained  by  i2,  R  as  before,  but  it  is  import- 
ant that  certain  relations  between  the  positions  of  R,R  and 
R!y  R!  be  observed.  Referring  to  Fig.  373c,  which  shows 
the  battery,  switches,  and  booster  on  a  larger  scale ;  it  will 
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be  evident  that,  witli  Rylu  on,  say,  stops  3, 3,  as  depicted,  if 
B,  B  were  put  on  these  same  contacts,  B  would  be  short- 
circuited  ;  and  would  be  more  so  if  -R',  Bf  were  on  higher 
contacts,  such  as  7,  7,  or  8,  8,  as  the  cells  would  assist. 
Again  if  B,  B  be  only  a  few  contacts  higher  than  -B',  iZ',  the 
tendency  will  still  be  to  short-circuit  R.  It  is  necessary  that 
the  relative  positions  of  the  charge  and  discharge  switches 
should  be  such  that  the  E.M.F.  of  the  booster  is  counter- 
balanced by  the  P.D.  across  the  cells  in  circuit  between  R 
and  R  on  each  side.     Then  there  will  be  no  "  short-circuit 

current."   If  the 
^pjJ       l|^  charging  currents 

through  the  two  sets 
of  cells  be  unequal, 
the  excess  current  on 
the  one  side  will  flow 
through  the  discharge 
switch  on  that  side 
■"q^     I^B*]  to  the  neutral  wire. 


Fig.  374.— The  Five-wire  System. 


229.  The  Five- 
wire  System.  —  In 
this  system  the  main  distributors  consist  of  five  con- 
ductors; two  large  outers,  and  three  intermediate  cables. 
The  only  place  in  which  it  is  used  in  this  country  is  at 
Manchester,  where  it  was  introduced  in  the  time  of  the 
100-volt  lamp.  Now-a-days,  when  consumers  may  be 
supplied  at  240  or  even  250  volts,  the  necessity  for  the 
system — with  its  attendant  complications — is  considerably 
lessened;  3-wire  distribution  at  present  voltages  being 
more  economical. 

At  Manchester,  the  pressure  between  the  outers  is  400 
volts,  thus  giving  100  volts  between  each  pair  of  adjacent 
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conductors.  For  lighting,  consumers  are  supplied  at  either 
100  or  200  volts  as  at  A  and  B  respectively  (Fig.  374); 
and  for  power  purposes  at  300  or  400  volts,  as  at  G  and 
D  respectively.  The  5-wire  network  is  confined  to  the 
central  part  of  the  city,  the  remaining  area  being  served 
from  a  3-wire  network  with  400  volts  between  the  outers. 
Both  networks  are  fed  with  direct  current.  There  are 
three  generating  stations,  two  low-pressure  ones  in  the 
city  itself,  these  feeding  direct  into  the  networks ;  and  one 
high-pressure  station  on  the  outskirts,  where  3-phase  current 
at  6500  volts  is  generated.  This  high-pressure  current  is 
"stepped  down"  in  pressure  at  various  sub-stations  by 
means  of  static  transformers,  and  is  then  converted  into 
direct  current  by  means  of  rotary  transformers. 

To  derive  the  fullest  advantage  from  a  5-wire  system, 
the  pressure  between  the  outers  might  be  1000  volts, 
so  giving  250  volts  between  adjacent  conductors.  This, 
however,  would  greatly  increase  the  difficulties  of  insulation. 

Five- wire  distributors  may  be  supplied  from  2- wire 
feeders,  the  balance  at  the  feeding  points  being  maintained 
by  means  of  motor-generators,  or  batteries,  or  both;  in 
ways  kindred  to  those  diagrammed  in  Figs.  365  to  370. 

230.  Summary  of  Direct-supply  Systems. — Nearly  all 
the  above-mentioned  systems  may  be  described  as  direct- 
supply  ones,  to  distinguish  them  from  those  in  which  trans- 
formers are  employed  to  reduce  the  pressure  at  sub- 
stations, or  at  feeding  points.  With  the  exception  of  the 
2-wire  networks,  Figs.  349,  351,  and  363  to  357,  which 
might  be  fed,  though  without  advantage,  by  means  of  low- 
pressure  alternators;  the  methods  illustrated  are  clearly 
only  available  for  use  with  direct  currents.     In  all  direct- 
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current  systems,  with  or  without  balancers,  if  the  demand 
for  current  be  not  too  great,  secondary  batteries  may  be  used 
for  supply  during  light  load,  these  being  connected  across 
the  bus-bars  at  the  central  station,  or  placed  in  sub-stations. 
Little  or  nothing  has  been  said  about  the  complete 
arrangements  and  connections  at  the  generating  station. 
These  naturally  are  of  a  most  diversified  and  complicated 
character,  and  could  not  possibly  be  enlarged  upon  herein. 
However,  some  idea  of  such  may  be  gathered  from  §§  237 
to  239,  where  typical  direct-  and  alternating-current  gener- 
ating  systems  are  described. 

The  reader  who  desires  fuller  information  on  the  matters 
mentioned  in  the  foregoing  and  following  parts  of  this 
chapter,  should  consult  Gay  and  Yeaman's  Central  Station 
Electricity  Supply  (Whittaker),  to  which  work  the  Author 
is  indebted  for  much  information. 

231.  Transformer  Systems  of  Supply. — These,  as 
explained  in  the  preceding  paragraph,  are  those  systems  in 
which  the  supply  is  reduced  in  pressure  on  its  way  from 
the  generating  station  to  the  consumers.  They  may  be 
divided  into  six  classes,  according  to  the  character  of  the 
current  generated,  and  the  character  of  that  supplied  to 
the  consumer.     Thus: — 

CURRENT  GENERATED.  CURRENT   DELIVERED  TO   CONSUMER. 

(a)  Direct.  Direct. 

Q))  Monophase.  Direct. 

(c)   Monophase.  Monophase. 

{d)  Polyphase.  Direct. 

(e)   Polyphase.  Monophas?. 

(/)  Polyphase.  Polyphase. 

The  principles  of  direct-  and  alternating-current  trans- 
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formers  were  dealt  with  in  the  chapter  before  this,  aad 
it  is  not  necessary  to  refer  to  them  again.  Sometimes  the 
current  generated  at  the  central  station  is  "stepped- up" 
to  an  extra  high  pressure  before  being  sent  through  the 
mains;  in  which  case  it  is  often  " stepped-down '*  twice 
before  reaching  the  consumer,  once,  say,  at  a  sub-station, 
and  once  at  the  feeding  points.  Such  might  be  the 
arrangement  when  the  generating  station  was  many  miles 
distant  from  the  city  or  town  supplied. 

As  explained  in  §§  215  and  216,  where  large  areas  have 
to  be  dealt  with,  the  supply  must  necessarily  be  generated  at 


B       B 


J^ 
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Fio.  375.— Direct-Current  Motor-Generator  Transforming  Station. 


high  pressure,  and  generally  therefore  in  the  form  of  alter- 
nating current.  As  regards  the  consumer,  however,  it  is 
preferable  that  the  current  supplied  should  be  direct,  as 
arc-lighting  is  then  more  satisfactory,  small  motors  can  be 
more  easily  managed,  and  electrolytic  work  and  the  charging 
of  secondary  cells  are  rendered  possible  without  the  expense 
and  trouble  of  a  private  alternating-to-direct  transformer. 
232.  General  Description  of  Transformer  Systems. 
— In  Fig.  375,  B  B  are  the  bus-bars  at  the  generating 
station,  and  to  these  high-pressure  direct-current  machines 
are  connected  in  parallel.  From  B  B  fi  number  of  2-wire 
mains,   such   as   M,  radiate;   these   terminating  at  sub- 
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stations  or  feeder  points,  at  each  of  which  is  placed  a 
motor  generator  MG.  The  low-pressure  side  oi  MG  may 
feed  into  a  simple  2-wire  distributing  network ;  or  into  a 
3-wire  one  with  a  balancer,  as  at  &.  The  pressure  on  the 
high-tension  mains  M  may  be  from  1000  to  2000  volts ; 
while  with  3-wire  distribution,  that  on  the  low-tension 
feeders  F  would  be  from  400  to  500  volts.  This  is  case 
(a),  as  tabulated  in  the  foregoing  paragraph. 

In  case  (h)  monophase  alternators  would  feed  into  B  B, 
and  MG  would  consist  of  a  single-phase  motor  coupled  to 
a  direct-current  generator. 


Fia.  376.— Single-phase  Static  Transforming  Station. 

Fig.  376  shows  the  condition  of  things  for  case  (c). 
Here  the  generators  are  single-phase  alternators,  and  the 
transformers  T,  T,  T  are  static '  ones,  their  secondaries 
feeding  into  a  2-  or  3-wire  network  N,  The  latter  arrange- 
ment is  shown  in  the  figure.  This  transformer  system  is 
the  one  that  is  at  present  most  extensively  used.  In 
practice,  a  number  of  pairs  of  feeders  would  radiate  from 
the  bus-bars  B,  B,  Instead  of  one  large  transformer  at  the 
sub -station  S,  it  is  safer  to  use  a  "bank"  of  two  or  more 
connected  in  parallel,  as  shown.  Then  the  failure  of  one 
would  not  affect  the  supply,  presuming  the  others  were 
not  overloaded. 

(Case  d.)    What  may  be  termed  the  most  modern  system 
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for  transmission  over  long  distances,  is  that  in  which  a 
high-pressure  polyphase  current  is  sent  from  the  distant 
generating  station  G  (Fig.  377)1^0  the  sub-station  S,  Here 
a  polyphase  motor  is  coupled  to  a  direct-current  generator, 
which  feeds  into  a  2-  or  3-wire  network,  the  latter  having 
a  balancer  B,   Or  the  motor  might  be  coupled,  by  means  of 


& 


Fig.  377. — Polyphase  Motor-Generator  Transforming  Station. 


shafting  and  belting,  to  two  or  more  machines  feeding  into 
distributor  bus-bars ;  these  machines  being  switched  in  or 
out,  one  by  one,  according  to  the  demand. 

With  extra  high  pressure  the  polyphase  current  would  be 
"  stepped  down  '*  by  a  static  transformer  at  the  sub-station. 


# 


-"^ 


RC 


Fig.  378. — Polyphase  Static  and  Rotary-Converter 
Transforming  Station. 

and  then  passed  through  a  rotary  converter,  for  transform- 
ation into  direct  current.  Such  a  machine  diflfers  from 
a  motor  generator,  such  as  is  shown  in  Fig.  335,  in  that 
the  windings  are  on  a  common  core.  As  a  matter  of  fact, 
as  mentioned  in  §§  79a  and  205,  such  a  machine  is 
identical  in  construction  with  the  double-current  generators 
described  in  Chap.  XII.     The  arrangement  is  illustrated 
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in  Fig.  378,  where  G  is  the  three-phase  generator,  T  the 
transformer,  BC  the  rotary  converter,  and  D  the  dis- 
tributing mains  or  feeders. 

In  the  exceptional  case  (e),  a  polyphase  motor  would 
drive  a  single-phase  alternator  at  the  sub-station.  In  case 
(/),  either  rotary  or  static  transformers  could  be  used. 

233.  Alternating -Current  System  with  Street 
Transformers. — On  purely  alternating-current  systems  it 
is  a  very  common  practice  to  run  two  sets  of  mains  (high 


Fio.  379. — Alternating-Current  High  and  Low  Tension  Mains. 

and  low  pressure)  side  by  side  through  the  principal 
streets,  the  low-pressure  mains  branching  off  where  re- 
quired down  side-streets.  The  primary  or  high-pressure 
mains  are  supplied  from  the  generating  or  sub-station  (as 
the  case  may  be)  at  about  2000  volts;  and  at  various  points 
static  transformers  are  placed  in  "  street  boxes  "  or  "  street 
pits,"  these  feeding  into  the  low- tension  distributors  (or 
secondary  mains)  at  240  volts  or  so. 

In  Fig.  379,  H,  H^HnxQ  the  high-tension  mains,  T,  T,  T 
the  transformers,  and  Z,  Z,  L'  the  low-tension  distributors. 
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The  latter  would  not  form  one  interconnected  network 
when  the  demand  was  scattered,  but  would  be  put  down 
in  independent  sections  wherever  required,  as  at  L\  In 
any  given  section,  as  L  Z,  additional  transformers  could 
be  inserted  as  the  demand  increased,  and  the  equality  of 
pressure  thereby  maintained. 

On  a  very  large  system,  the  high-tension  mains  could 
be  supplied  from  the  sub-station  S  (Fig.  376),  this  in  its 
turn  deriving  energy  from  the  generating  statioa  at  a  still 
higher  pressure,  say  5000  to  10,000  volts. 

In   certain   instances   it  ^ 

may  be  necessary  to  place    ^ i.  J 

transformers  in  consumers'  }  (j   y 

houses.     This  is  only  done  Vv-»fv-xA-)or>rN 

in  the  case  oi  scattered  or  J 

outlying  consumers,  as  the  ^--gg-yyyyyyv^ 

use    of    any    considerable  B 

number     of     small     trans-  Fig.  380.— Static  Balancer. 

formers  on  a  system  is  not 

only  expensive  in  the  first  instance,  but  also  entails  a 
continual  extra  waste  of  energy,  due  to  the  magnetizing 
currents  taken  by  the  transformers  at  no  load. 

When  transformers  are  placed  on  private  premises,  care 
must  be  taken  to  guard  against  the  possibility  of  any 
dangerous  leakage  between  the  primary  and  secondary. 
This  may  be  effected  by  attaching  an  earthing  device 
to  the  secondary  (Chap.  II.),  or  by  constructing  the  trans- 
former with  a  metallic  shield  between  the  two  windings, 
this  shield  being  earth-connected.  An  objection  to  the  latter 
method  is  that  there  is  a  risk  of  fire  if  an  earth  fault  occur 
at  any  point  in  the   house  wire3;   since  any  accidental 
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connection  between  the  secondary  and  the  metallic  shield 
would  be  equivalent  to  a  second  fault,  and  leakage  would 
take  place  between  the  two  faults  thus  produced.  If, 
on  the  other  hand,  as  in  the  first  method,  the  secondary 
and  the  lamp  wires  attached  thereto  be  more  securely 
insulated  from  earth,  faults  must  arise  at  two  places  therein 
before  serious  leakage  can  take  place. 

234.  Three-wire  Distribution  with  Static  Trans- 
formers.— In  Fig.  376  it  was  shown  that  3-wire  dis- 
tributors could 
be  derived  from 
2- wire  step-down 
transformers  at  a 
sub  -  station  or 
feeder  point,  by 
leading  con- 
ductors away 
from  the  middle 
points  of  the 
secondary  windings,  and  connecting  these  to  a  neutral  wire. 
So-called  transformers  in  which  both  primary  and  second- 
ary have  an  equal  number  of  turns,  are  useful  in  main- 
taining the  balance  at  any  point  on  a  3-wire  network. 
Thus  in  Fig.  380,  N  is  the  part  of  the  network  (assumably 
at  some  distance  from  a  feeder  point),  at  which  it  is  desired 
to  secure  better  balance.  To  eflFect  this,  the  two  windings, 
A  and  B,  of  the  transformer  are  joined  together  at  one 
end,  and  connected  as  shown  to  the  distribution  mains. 
As  described  on  the  next  page,  the  supply  from  2-wire 
mains  may  be  utilized  for  a  3-wire  network  by  using  a 
similar  device.     Or,  on  the  other  hand,  a  group  of  lamps 


Fig.  381.— Three-wire  Transformer. 
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may  be  run  at  half  or  double  the  voltage  that  exists  on 
the  mains  from  which  the  energy  is  derived. 

Such  "  one  to  one  "  transformers,  as  they  are  sometimes 
designated,  to  denote  that  the  two  sets  of  windings  have 
an  equal  number  of  turns,  are  not  transformers  in  the 
strict  sense  of  the  word,  for  neither  the  pressure  nor  the 
character  of  the  current  is  changed. 

Fig.  381  shows  how  a  3-wire  distributor  can  be  evolved 
from  a  2-wire  or  feeder  main,  without  any  stepping-down 
of  the  voltage.     The  two  windings  A  and  B  are  connected 

120  VOLTS  J      STREET  MAIN.  J  STREET  MAIN.    240  VOLTS 
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Fig.  382.— Auto-Transformer.  Fig.  383.— Auto-Transformer. 

in  series  across  the  ends  of  the  feeder,  or  across  the  2-wire 
mains  (as  is  the  case  in  the  figure),  and  the  middle  point 
forms  the  point  of  connection  of  the  neutral  wire.  Used 
in  the  fashion,  or  for  the  purpose  shown  in  Fig.  380,  the 
device  is  conveniently  termed  a  compensating  or  balancing 
coil,  or  a  static  balancer.  It  will  keep  the  pressure  on  each 
side  quite  equal,  in  spite  of  great  inequalities  of  load. 
The  arrangement  seen  in  Fig.  383  is  merely  an  extension 
of  that  depicted  in  Fig.  381. 

When  connected  as  in  Fig.  382,  the  apparatus  becomes 
an  autO'transformer,  the  coil  A  acting  inductively  on 
5,  and  inducing  a  pressure  therein  equal  to  its  own. 
This  induced  pressure  is  added  to  that  already  on  the 
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circuit,  so  that  the  consumer's  supply  pressure  is  double 
that  on  the  mains.  On  the  other  hand,  by  connecting  the 
coils  as  in  Fig.  383,  the  consumer's  pressure  is  reduced  to 
half  that  on  the  mains.  In  this  case,  as  A  and  B  are  in 
series  across  the  mains,  the  P.D.  at  the  terminals  of  either  is 
half  that  of  the  mains ;  both  the  coils  acting  as  "  chokers  " 
when  the  consumer's  circuits  are  open.  When  lamps,  etc., 
are  "  on,"  a  portion  of  the  current  flowing  through  them  is 
derived  directly  from  the  mains,  and  the  remainder  from 
J5,  on  which  A  acts  inductively.   This  arrangement  is  thus 
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Fig.  384. — Street  Arc  Lamp  Circuit. 

in  the  nature  of  a  choker  and  auto-transformer  combined. 
The  action  of  these  devices,  which,  by  the  way,  are  only 
used  as  adjuncts  to  an  alternating  system  of  supply,  is 
also  referred  to  in  Chap.  I. 

235.  Street  Lighting. — The  lighting  of  main  streets 
is  usually  effected  by  means  of  arc  lamps,  and  that  of 
by-streets  with  glow  lamps.  The  latter  are  connected  in 
parallel  across  the  distribution  mains,  and  no  special 
arrangements  are  necessary.  With  arc  lamps,  on  the 
other  hand,  there  are  many  different  ways  of  laying  out 
the  circuits,  the  more  modern  of  which  will  now  be 
described. 
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The  most  simple  way  of  connecting  the  arc  lamps  is  to 
join  them  up  in  series  groups  across  the  outers  of  the  street 
distribution  mains,  as  illustrated  in  Fig.  384,  which  shows 
one  group  of  five  lamps  Z,  Z,  etc.,  and  the  first  lamp  of  a 
neighbouring  group.  The  number  of  lamps  that  can  be 
put  in  any  one  group  depends .  firstly  on  the  pressure 
between  the  mains,  secondly  on  the  character  of  the 
current  (direct  or  alternating),  and  lastly  on  whether  the 
lamps  are  of  the  enclosed  or  open  type  (Chap.  I.).  Such 
groups  are  switched  on  and  off  by  means  of  switches  S,  S, 
necessitating  the  perambulation  of  the  district  by  a  lamp- 


FiG.  385. — Street  Arc  Lamp  Circuits. 

switcher.  It  is  possible,  however,  to  arrange  for  the 
operation  of  these  switches  by  special  apparatus  controlled 
from  the  central  station.^ 

Another  way  (Fig.  385)  is  to  run  the  circuits  straight 
from  the  bus-bars  in  the  generating  station,  this  giving 
direct  control  over  the  lamps.  When  the  generating 
system  is  a  high-tension  one  with  2000  volts  or  so  between 
the  buses,  each  circuit  may  comprise  a  large  number  of 
lamps.  In  the  figure,  B,  B  are  the  station  bus-bars,  and 
L^L,  L  the  lamps,  two  circuits  being  shown.  Such  circuits 
may  also  be  connected  up  to  the  bus-bars  in  sub-stations, 

^  As  in  the  "  Selector  System,"  for  example. 

T  T 
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and  operated  therefrom ;  this  being  more  frequently  the 
case,  as  the  sub-stations  are  of  course  usually  nearer  to  the 
centres  of  demand  than  the  generating  station.  In  the 
case  of  a  direct-current  system,  the  current  through  the 
lamps  is  regulated  by  a  suitable  adjustable  resistance. 
With  alternating  currents,  a  choking  coil  (§  50)  is 
employed  to  the  same  end. 

When  the  system  is   an   alternating-current  one,  and 
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Fig.  386. — Connection  of  Arc  Lamp  Circuits  to  Ferranti  Rectifiers. 

alternating-current  lamps  are  objected  to,  the  current 
supply  may  be  made  unidirectional  by  means  of  Ferranti 
recti6ers,  a  description  of  which  was  given  in  §  207. 
Fig.  386  shows  the  disposition  of  the  circuits,  etc.  The 
rectifiers  i2,  B,  R  are  connected  in  parallel  to  a  distribution 
box  B  (containing  switches  and  fuses) ;  this,  in  its  turn, 
being  connected  with  the  station  bus-bars.  Each  rectifier 
supplies  its  own  series  group  of  lamps. 

When  alternating-current  lamps  are  used,  they  may  be 
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inserted  in  the  secondary  circuit  of  step-down  transformers 
connected  across  either  the  distributing  or  the  feeder  mains. 
In  the  first  case,  it  is  usual  to  run  only  one  or  two  lamps 
in  each  circuit,  as  in  Fig.  387;  while  in  the  second,  a  group 
of  lamps  may  be  connected  either  in  series  or  in  parallel  to 
the  transformer,  as  at  A  and  B  respectively  in  Fig.  388. 


3 


Fia.  387.— Street  Arc  Lamp  Circuit.        Fig.  388.— Street  Arc  Lamp  Circuits. 

The  last  system  to  be  illustrated  is  that  in  which  a  pair 
of  high-pressure  mains  is  led  round  the  district,  and  each 
lamp  derives  its  supply  from  a^  separate  transformer  con- 
nected across  the  mains,  as  depicted  in  Fig.  389. 

236.  Supply  of  Power 


FOR  Tramway  and 
Railway  Working. — 
Power  for  electric  tram- 
way working  is  usually 
generated  by  plant  quite 
separate  from  that  which 
supplies  current  for  the 
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Fig.  389. — Street  Arc  Lamp  Circuits. 


lighting  of  a  town,  the  feeding  and  distribution  mains 
also  being  quite  distinct.  One  reason  for  this  is  that  the 
earthed  "  return  "  of  a  tramway  system  could  not,  in  most 
cases,  be  included  in  a  lighting  system. 

The  feeder  mains  for  a  tramway  system  would  have  to 
be  separate  even  if  it  were  considered  preferable  to  derive 
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the  supply  from  tlie  lighting  generators;  otherwise  the 
large  and  sudden  fluctuations  of  load  on  the  tramway 
circuit  would  cause  corresponding  and  serious  fluctuations 
in  pressure  at  the  lamps.  The  greater  the  number  of  cars 
in  operation,  however,  the  less  are  the  percentage  fluctua- 
tions in  the  load.  Still,  with  even  a  large  number  of  cars 
running,  there  may  be  sudden  jumps  in  the  demand  of 
several  hundreds  of  amperes.  In  other  words,  loads 
amounting  to  as  much  as  100  or  200  horse-power  are 
thrown  on  or  oflf  the  generating  plant  without  a  moment's 
notice.  Hence  generators  for  traction  purposes,  and  the 
engines  that  drive  them,  have  to  be  specially  strongly 
built  to  enable  them  to  withstand  such  sudden  strains. 
The  latter  however  may  be  minimized  by  the  use  of 
storage  batteries  to  cope  with  the  heavy  demand ;  these 
providing  a  steady  and  economical  load  for  the  generators, 
and  reducing  the  necessity  for  stand-by  plant.  The  High- 
field  reversible  booster  (§  228)  was  primarily  designed  for 
traction  stations. 

The  methods  of  running  electric  trams  were  described 
in  §  129,  and  it  was  there  mentioned  that  the  battery- 
car  system  had  too  many  drawbacks  to  permit  of  its 
use.  So  great  are  these  drawbacks,  that  they  outweigh 
the  obvious  advantages  attending  the  absence  of  a  feeding 
and  distributing  network,  and  of  overhead  or  underground 
contact  gear. 

Referring  to  the  other  systems  mentioned  in  §  129, 
whether  the  conductor  with  which  the  cars  make  sliding 
or  rolling  contact  be  placed  overhead  or  underground, 
the  feeder  system  may  be  the  same.  In  all  cases  direct 
cuiTent  is  used,  and  the  usual  working  pressure  is  oOO 
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volts ;  but  there  are  numerous  ways  in  which  the  generat- 
ing and  distributing  systems  may  be  arranged. 

When  the  generating  station  is  near  the  line,  the  supply 
may  be  taken  direct  (i,  e.  without  transforming  down) 
through  a  number  of  feeders  to  various  points  along  the 
lines  of  route,  these  feeders  charging  the  trolley  or  under- 
ground conductors,  as  the  case  may  be.  When  the 
generating  station  is  some  distance  away,  the  energy  is 
generated  at  high  pressiire,  and  transformed  down  at 
sub-stations.  When  this  latter  system  is  adopted,  polyphase 
generators  may  be  employed,  and  polyphase-to-direct- 
current  rotary  transformers  connected  at  the  ends  of  the 
high-tension  feeders.  From  each  sub-station,  one  or  more 
low-tension  feeders  would  run  to  the  trolley  or  under- 
ground conductors.  The  current,  after  it  has  passed 
through  the  motors,  and  on  to  the  rails,  travels  through 
earthed  return  cables  back  to  the  sub-stations. 

In  electric  railway  work  the  arrangements  are  much  the 
same,  except  that  in  place  of  the  trolley  or  underground 
wire,  an  insulated  conductor  of  copper  or  steel  (called  the 
third  rail)  is  placed  between,  or  at  the  side  of,  the  rails  on 
which  the  trains  run ;  the  latter  taking  current  from  this 
rail  by  means  of  a  sliding  contact.  Here  again  the  usual 
working  pressure  is  500  volts. 

237.  Typical  Direct- Current  Station. — It  will  be 
evident  from  the  foregoing,  that  in  the  drawing  up  of 
any  scheme  for  electricity  generation  and  distribution  for  a 
given  town  or  district,  the  engineer  has  the  choice  of 
numerous  different  systems.  And  any  given  outline  system 
may  be  modified,  as  regards  details,  in  a  great  number  of 
different  ways.     In  fact  there  is  hardly  such  a  thing  as  a 
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standard  system.  Owing  to  the  great  variety  of  switching 
and  regulating  gear,  and  of  measuring  instruments,  the  main 
switchboard  for  any  given  system  may  also  be  arranged 
in  very  many  ways.  It  must  suflSce  then  if  we  give 
diagrams  showing  the  principal  connections  in  typical 
low-tension  direct-  and  single-  and  polyphase-current 
stations  respectively,  the  latter  being  dealt  with  in  the 
two  next  paragraphs. 

Fig.  390  gives  a  diagram  of  the  chief  switchboard  and 
other  connections  in  a  direct-current  generating  station 
feeding  direct  (i.e.  without  transforming)  into  a  3- wire 
network ;  a  secondary  battery  with  balancers  and  boosters 
forming  part  of  the  system.  The  diagram,  which  is  at 
first  sight  a  little  complicated,  should  be  studied  care- 
fully, when  its  details  will  become  clearer.  To  prevent 
it  being  too  involved,  no  voltmeter  connections  are  shown. 
In  reality  there  would  be  almost  as  many  voltmeters  as 
ammeters:  some  to  show  the  P.D.  at  the  generator, 
balancer,  and  booster  terminals;  others  to  indicate  the 
pressure  between  the  -h  and  —  bars,  or  between  each  outer 
and  the  middle  bus-bar,  as  well  as  the  battery  pressure, or  the 
difference  between  the  battery  and  the  bus-bar  pressures ; 
and  yet  others  connected  by  pilot  wires  with  the  far  ends 
of  each  pair  of  feeders. 

By,Dy  are  two  of  the  dynamos,  and  F,F  their  field 
coils,  the  latter  being  connected  through  rheostats  R,  B 
with  their  respective  dynamo  terminals.  R,  R  enable  the 
excitation  of  the  dynamos,  and  consequently  their  terminal 
P.D.,  to  be  varied  at  will,  as  described  in  §  11.  The  leads 
from  the  generators  pass  on  either  side  to  the  vertical 
bars,    D,  D,  If,  U,    on    the    plug    switchboard ;    reverse- 
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current  cut-outs,  BGG,  and  main  switches  MS,  being 
included  in  the  leads  on  one  side ;  and  ammeters  A,  and 
fuses  F  on  the  other.  A  in  either  case  indicates  the 
current  taken  from  its  machine,  and  F  prevents  too  much 
being  drawn  from  it.  On  the  other  hand,  should  the  P.D. 
of  a  dynamo  fall  below  that  on  the  bus-bars,  current 
will  tend  to  run  back  through  it;  but  before  this  can 
occur,  EGG  opens  the  circuit.  The  construction  and 
action  of  a  reverse-current  cut-out  was  fully  described  in 
Chap.  II.  Any  number  of  dynamos  would  be  connected 
in  like  manner,  each  extra  machine  installed  being  joined 
up  to  its  own  pair  of  bars. 

Side  by  side  with  these  dynamo  bars  are  the  feeder  bars 
Fi  Fly  F2  F^,  F^  F^,  the  ends  of  the  feeders  being  connected 
thereto  through  fuses  F  and  ammeters  A\  F^  F^  are 
one  pair  of  feeders,  F2  F^  another  pair,  and  so  on.  Spare 
dynamo  and  feeder  bars  would  be  mounted  on  the  switch- 
board to  provide  for  extensions.  Duplex  fuses  and  a 
change-over  (or  two-way)  switch  are  inserted  in  each 
feeder,  so  that  should  a  fuse  blow,  the  supply  is  only 
momentarily  interrupted.  Thus,  referring  to  the  +  feeders, 
on  the  right-hand  side  of  the  figure,  if  fuse  /  gave  way 
the  two-way  switch  TW S  would  immediately  be  put  over 
so  as  to  throw  the  spare  fuse  f  in  circuit,  a  new  fuse  being 
then  fitted  at  /.  Instead  of  these  fuses,  excess-current 
circuit-breakers  (or  magnetic  cut-outs)  are  more  con- 
venient, as,  being  usually  in  the  form  of  a  switch,  they 
can  easily  and  quickly  be  replaced  in  the  "on''  position. 
They  are  much  more  expensive  than  fuses  however.  Some 
forms  of  these  are  illustrated  in  Chap.  II. 

The  middle-mre  cables  of  the  system  are  connected  to 
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the  middle  wire  bar  M  W B\  and  the  latter,  through  an 
ammeter  A,  is  connected  with  the  centre  of  the  secondary 
battery  SB,  and  vid  M  W  G  (middle  wire  conductor)  with 
the  rheostats  iJ,  ^,  and  SR,  the  functions  of  which  will 
be  described  presently. 

For  the  purpose  of  supplying  the  balancing  current 
required  on  one  side  or  the  other  of  the  system,  and  so 
keeping  the  pressures  equal;  and  for  helping  to  charge 
the  cells  by  adding  to  the  dynamo  E.M.F.,  or  for  adding 
E.M.F.  to  the  cells  when  the  latter  are  discharging,  the 
combined  balancer  and  booster  set  denoted  by  JBS,  BL,  BL, 
BS  is  employed.  This  machine  consists  virtually  of  four 
dynamos  coupled  together ;  the  two  inner  ones  B  L,  B  L 
acting  as  a  balancer,  and  the  end  ones  B  S,B  S  sls  boosters, 
the  latter  being  driven  by  the  former  as  the  four  arma- 
tures are  mounted  on  the  same  shaft.  An  actual  machine 
of  this  description  is  illustrated  in  Fig.  337,  and  such  is 
generally  termed  a  balancer-booster.  The  diagram  shows 
only  the  commutators  and  field  coils  of  the  various  machines, 
the  coils  being  drawn  at  the  side  of  each  commutator.  The 
fact  that  the  machines  are  rigidly  connected  together  is 
denoted  by  the  double  dotted  line,  which  may  be  taken  to 
represent  the  shaft. 

The  main  balancer  circuit  is  denoted  by  the  lines 
B,  By  B,  B.  At  each  side  it  terminates  (through  an 
ammeter  ^)  in  a  lower  horizontal  bar,  these  being  generally 
at  the  back  of  the  switch-board  slate,  and  therefore  shown 
dotted.  To  these  bars  are  also  connected  the  -h  and  ■— 
ends  of  the  battery  respectively,  vid  the  battery-regulat- 
ing switches  BBS,'  BBS,  ammeters  ^,  ^,  and  two-way 
switches   T,  T,     The   battery-regulating    switches  enable 
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the  number  of  cells  in  circuit  on  either  side  of  the  middle 
wire  to  be  altered  at  will. 

Besides  the  battery  and  balancer  bar,  there  is  a  second 
horizontal  bar  on  each  side ;  and  either  of  these  may  be 
connected  by  means  of  plugs  (similar  to  that  in  Fig.  364) 
with  any  of  the  vertical  feeder  or  dynamo  bars  as  required. 
This  arrangement  of  bars  enables  the  feeders  to  be  con- 
nected to  the  dynamos  alone,  to  the  battery  alone,  or  to 
both;  the  latter  being  the  normal  state  of  things.  Or 
some  of  the  feeders  may  be  connected  to,  say,  one  dynamo 
alone,  and  some  to  the  battery  and  the  other  dynamo. 
Or  while  one  dynamo  is  supplying  all  the  feeders,  the 
other  may  be  charging  the  battery. 

Between  the  two  balancer  armatures  is  connected  the 
balancer  starting  switch  BSS,  which,  in  the  firm  line  or 
starting  position,  puts  in  all  its  resistance  between  the 
two  sides  of  the  balancer  circuit  and  their  point  of  con- 
nection with  MWG  2X  the  centre  of  the  switch.  In 
starting -up  the  balancer,  the  resistance  is  gradually 
switched  out,  and  when  the  arm  reaches  the  dotted 
position  a  there  is  none  at  all  in  circuit.  Presuming  the 
loads  on  the  two  sides  are  equal,  the  balancer  runs  as 
two  motors  in  series.  The  balancer  exciting  coils  are 
connected  in  series  across  the  outer  bus-bars,  through  a 
stepped  resistance  SB,  the  contact  arm  of  which  is  joined 
up  to  the  end  of  MW  0,  The  field  coils  of  armature  No.  1 
are  in  shunt  to  the  armature  No.  2,  and  those  of  armature 
No.  2  in  shunt  to  armature  No.  1. 

As  before  stated,  when  balance  exists  between  the 
two  sides  of  the  system,  each  balancer  armature  runs  as 
a   motor,  and   their   combined   work   consists   merely  in 
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driving  the  boosters  at  each  end  of  the  common  shaft. 
Suppose  now  the  positive  side  become  more  heavily 
loaded  than  the  negative  side,  the  P.  D.  on  the  positive 
side  will  drop  below  that  on  the  negative  side.  Then 
the  field  excitation  and  hence  the  back  E.M.F.  of  the 
negative  balancer  armature,  which  is  energised  oflf  the 
positive  side,  will  be  decreased :  the  current  taken  by  the 
armature  will  therefore  increase,  and  the  machine  will  act 
as  a  motor,  driving  not  only  the  boosters  but  also  the 
positive  balancer  armature,  which  will  then  act  as  a 
generator  and  supply  the  extra  demand  on  that  side. 

In  the  case  of  long  feeders,  this  automatic  balancing 
is  often  insufficient  to  keep  the  pressures  at  their  far 
ends  equal;  and  it  is  on  this  account  that  the  stepped 
resistance  or  rheostat  S  R  is  employed.  If,  for  example, 
the  increase  in  load  occur  on  the  positive  side,  the  switch 
arm  is  moved  to  the  right,  thus  taking  resistance  out  of 
the  generator  field  circuit  of  the  balancer  and  putting  it 
in  that  of  the  motor.  The  effect  of  this  is  to  cause 
the  P.  D.  at  the  station  between  the  feeder  and  middle 
wire  on  the  +  side  to  be  greater  than  that  on  the  —  side, 
so  compensating  for  the  extra  drop  on  the  +  feeders. 

We  have  lastly  to  consider  the  functions  of  the  two 
boosters.  First  of  all,  it  should  be  noted  that  one  end 
of  the  field  coil  of  each  is  connected  through  a  rheostat  B 
with  MWG;  and  the  other  end  with  a  reversing  switch  E  S, 
the  poles  of  which  are  connected  with  the  +  and  —  bus- 
bars. It  is  evident,  therefore,  that  by  means  of  BS,  the 
polarity  of  either  booster  may  be  reversed  at  will.  One 
end  of  each  booster  armature  is  permanently  connected 
with  its  respective  bus-bar,  and  the  other  to  one  of  the 
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contacts  of  the  two-way  switch  Ty  by  means  of  which  the 
booster  may  be  inserted  between  the  bus-bar  and  the  end 
of  the  battery,  or  cut  out  altogether.  The  diagram  shows 
the  boosters  in  circuit. 

In  charging  the  battery,  the  E.M.F.  of  the  boosters  is 
in  such  a  direction  as  to  boost-up  or  increase  the  P.D. 
across  the  cells  due  to  the  generators.  On  the  other 
hand,  when  the  battery  is  discharging,  the  E.M.F.  of  the 
boosters  is  reversed  by  means  of  BS,  BS;  and  they  are 
then  enabled  to  boost-up  or  assist  the  battery  E.M.F. 

As  already  stated,  the  above  is  but  one  of  numerous 
ways  of  arranging  the  connections  of  a  direct-current 
station,  and  it  may  be  modified  in  a  number  of  ways. 
It  is  a  good  representative  method  however  for  a  small 
station.  In  a  very  up-to-date  system,  an  automatic  re- 
versible booster  would  preferably  be  used  (§§  227,  228). 

238.  Single-Phase  Generating  and  Sub-station 
Connections. — Here  we  have  a  great  number  of  arrange- 
ments at  disposal,  though  perhaps  not  so  many  as  in 
direct-current  work.  In  the  following  figures  (391  to  395) 
the  connections  have  been  simplified  as  much  as  possible, 
and  various  regulating  and  indicating  apparatus,  that 
would  be  necessary  in  actual  work,  have  been  left  out 
of  account. 

In  Fig.  391,  AL  is  a,  single-phase  alternator  feeding 
through  the  fuse  F,  switch  S,  and  ammeter  A  into  the 
bus-bars  B,  B;  the  pressure  on  which  is  indicated  by  the 
bus-bar  voltmeter  B  B  V,  ^  is  the  exciter  (a  small  direct- 
current  generator)  supplying  the  magnetizing  current  to 
the  field-windings  F  W  of  A  L,f  being  the  exciter  field- 
coil,  and  B  a  rheostit  in  circuit  therewith.     Generally,  of 
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course,  there  would  be  a  number  of  generators  feeding  in 
parallel  into  the  buses;  and  arrangements  would  then 
have  to  be  made  for  synchronizing  them,  as  illustrated 
and  described  in  §  78,  and  as  further  illustrated  in  Fig.  392. 
F\  F'  are  pairs  of  feeder-mains,  Avith  ammeters  A,  A,  in 
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Fig.  391. — Simple  Alternating-Current  Station. 

one  side  of  each  pair.  Some  methods  of  regulating  the 
pressure  on  such  feeders  were  illustrated  in  Figs.  325,  326, 
and  328. 

Fig.  392  shows  a  more  complete  arrangement.  Here  A  L 
and  AL  are  single-phase  alternators,  the  complete  con- 
nections of  the  former  only  being  indicated.  The  exciting- 
current  for  each  alternator  is  derived  either  from  a  direct- 
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current  exciter  i>,  or  from  exciter  bus-bars  UB,  to  which  a 
secondary  battery  SB  is  connected.     The  office  of  this 


SB 


Fig.  392. — Single-phase  Generating  Station. 

battery  is  to  provide  current  for  the  field-windings  in  case 
of  any  of  the  exciters  breaking  down,  or  having  to  be 
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stopped.  One  end  of  the  alternator  field-winding  FW  is 
permanently  joined-up  to,  say,  the  —  bar  of  ^B]  and  the 
other,  vid  a  rheostat  i?,  to  the  2-way  switch  8 ;  which,  in  the 
"  off"  position  indicated,  short-circuits  F  W  and  R  through 
the  non-inductive  resistance  N R.  It  should  be  observed 
that  in  moving  the  switch  from  the  on  to  the  off  position, 
and  so  throwing  NR  into  series  with  F  W,  the  circuit  of 
the  latter  is  never  broken.  If  the  field-winding  circuit 
were  simply  broken,  or  were  broken  during  the  passage  of 
the  switch  from  one  position  to  the  other,  great  strain 
would  be  thrown  on  its  insulation,  owing  to  the  high 
E.M.F.  that  would  be  induced.  The  arrangement  shown 
effectually  prevents  this.  A  special  switch  for  this  and 
similar  purposes  was  described  in  §  39. 

One  pole  of  the  exciter  is  joined  up  to  the  same  bus- 
bar as  the  end  of  the  alternator  field  (in  this  case  to 
the  —  bus),  and  the  other  pole  to  a  plug-bar  P^.  The 
positive  bus-bar  is  connected  to  a  neighbouring  plug-bar 
Pg*  When  Pj  is  plugged  on  to  the  horizontal  bar  h,  and 
S  is  put  "on,'*  D  furnishes  the  exciting  current,  the 
strength  of  which  is  indicated  by  the  ammeter  FA.  li  D 
break  down,  the  battery  may  be  brought  into  use  by 
plugging-in  P^.  With  S  "  off,'*  and  both  P,  and  P^  plugged 
in,  D  is  connected  for  charging  the  battery.  The  field- 
circuit  of  D  is  omitted  from  the  figure. 

MB,  MB,  are  the  main  buses.  One  pole  of  each  alter- 
nator is  connected  straight  to  the  lower  bar ;  and  the  other 
to  the  upper  bar,  through  the  fuse  P,  2-way  switch  T8,  and 
ammeter  A,  The  figure  shows  the  switch  of  each  alternator 
in  the  "off'*  position.  When  either  switch  is  moved  on 
to  its  first  contact,  the  machine  is  connected  through  the 
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synchronizing  bus-bar  S B By  with  the  "incoming  machine 
voltmeter  "  IM  V,  and  the  synchronizing  transformer  aS^  1\ 
As  the  pressure  of  the  **  incoming  machine  "  rises,  so  also 
will  the  indications  on  IM  V,  As  was  explained  in  §  78, 
if  the  frequency  (i.e.  the  speed)  of  the  incoming  machine 
be  not  correct,  the  lamp  shunting  S  V  (the  synchronizing 
voltmeter)  will  light  up  and  go  out  at  rapid  intervals.  The 
speed  must  then  be  adjusted  until  the  light  of  the  lamp 
rises  and  falls  only  a  few  times  a  minute ;  and  the  machine 
is  switched  on  to  the  bars  at  the  moment  the  lamp  is  at 
full  incandescence,  and  the  indication  on  ^  F"  corresponds 
with  that  on  BB  V'y  TS  being  put  over  to  its  second  con- 
tact, thereby  connecting  the  alternator  to  the  upper  bar 
through  the  ammeter  A. 

CF  are  concentric  feeder  cables  connected  straight  to 
the  one  bar;  and  through  fuses/,  switches  >S,  and  ammeters 
Ay  to  the  other  bar. 

The  arrangement  of  transformers  and  switch-gear  in 
the  sub-stations  is  depicted  in  Fig.  393.  Here  HTB  sltb 
high  tension  bus-bars,  to  which  the  ends  of  the  feeders 
Fy  Fy  coming  from  the  generating  station,  ai*e  connected 
through  double-pole  fuses  BPF,  DPF.  The  pressure  on 
HTB  is  indicated  by  the  voltmeter  H T  Vy  which  is 
connected  through  the  small  step-down  transformer  T', 
Ty  T  are  the  main  step-down  transformers  which  convert 
the  high-tension  current,  derived  from  H  T  By  into  low- 
tension  current,  which  is  delivered  to  the  low-tension 
buses  LT B.  The  primaries  and  secondaries  of  these 
transformers  are  connected  to  their  respective  bus-bars 
through  D.P.  switches  and  fuses,  the  secondaries  being 
provided  with  voltmeters  and  ammeters  as  shown.     The 
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pressure  onZ  TBis  indicated  by  a  voltmeter  LTV.   LT  F, 
L  TF  are  the  low-tension  feeding  or  distributing  cables  (as 


Fig.  393. — Single-phase  Sub-station  vdth  Static  Transformers. 


the  case  may  be)  supplying  the  distribution  network ;  and 
each  of  these  is  connected  to  LTB  through  an  ammeter 
and  D.P.  switch. 
239.  Three-Phase    Generating    and    Sub-station 

u  u 
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Connections.  Fig.  394  is  a  simplified  diagram  of  tlie  con- 
nections at  a  polyphase-current  generating  station.  T  P  G. 
T PG  ^XQ  two  three-phase  generators  joined-up  through 
excess-current  oil-break  automatic  circuit-breakers  JS'C -5, 
EC B,  ammeters  Ay  A,  A,  and  triple-pole  switches  T PS, 
T PS  with  the  bus-bars  B B.  These  main  bars  supply 
the  triple-conductor  feeders  F,  Fy  leading  to  the  sub-stations 
(Fig.  395),  through  other  excess-current  circuit-breakers 
ECSy  EGB^  and  reactance  or  choking  coils  EC,  PGy 
whereby  the  pressures  on  the  feeders  may  be  adjusted. 
The  pressure  on  the  bus-bars  is  indicated  by  the  voltmeter 
V,  which  is  joined-up  across  the  secondary  of  a  small  step- 
down  transformer,  it  being  only  necessary  to  connect  this 
voltmeter  to  two  of  the  bars.  The  synchronizing  gear, 
which  is  somewhat  complicated  in  3-phase  working,  has 
been  omitted  for  the  sake  of  simplicity. 

The  generators  are  supplied  with  magnetizing  current 
from  exciter  bus-bars  EBB,  the  current  being  taken  in 
eagh  case  through  a  D.P.  switch,  rheostat,  and  ammeter 
to  the  brushes  and  slip-rings,  when,  as  shown  in  the  figure, 
the  generators  have  rotating  field-magnets. '  NR,  NR  are 
non-inductive  resistances  which  are  thrown  in  series  with 
the  field-circuit  at  the  moment  of  switching  off  the  exciting 
current,  for  the  same  purpose  as  was  explained  in  connection 
with  Fig.  302.     (See  also  §  39.) 

The  exciter  bus-bars  EBB,  are  fed  by  one  or  more 
continuous  current  generators  or  exciters  E,  E;  the  cur- 
rent from  each  of  which  is  led  through  an  ammeter 
A  and  double-pole  switch  DPS  to  the  bus-bars.  Eegu- 
lation  of  the  voltage  at  the  terminals  of  the  exciter 
is  efiected  by  varying  the   excitation   by  means  of  the 
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rheostat  E.   When  the  bus-bars  EBB  are  already  "alive" 
and  an  extra  exciter  is  to  be  switched  on  to  them,  the 


Fig.  394. — Polyphase  Generating  Station. 

terminal  voltage  of  the  exciter  must  first  be  adjusted  to 
the  same  value  as  the  voltage  on  the  bus-bars.     When 
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this  equality  is  obtained,  the  differential  voltmeter,  JD  F, 
which  is  provided  with  a  central  zero,  will  indicate  no  volts, 
and  the  switch  DPS  may  then  be  closed.  When  the  two 
voltages  are  unequal,  the  needle  will  be  deflected  to  one 
side  or  the  other  according  as  the  bus-bar  or  the  exciter 
voltage  is  the  greater.  The  potential  plugs  P,  P,  enable 
one  differential  voltmeter  to  be  used  for  two  or  more 
exciters;  the  instrument  being  connected  to  any  one 
exciter  by  inserting  its  respective  plug,  which  bridges 
across  the  gaps  as  shown  at  the  left-hand  plug  in  the 
figure.     The  right-hand  exciter  is  unplugged. 

A  sub-station  in  which  the  3-phase  supply  received  from 
the  generating  station  is  converted  into  direct  current  by 
means  of  motor-generators,  is  depicted  diagrammatically 
in  Fig.  395.  The  high-tension  3-phase  current  enters  the 
station  by  one  or  more  triple-conductor  cables  TGC,  and 
is  delivered  through  a  triple^pole  switch  T  P  S  and 
ammeters,  A,  A,  Ay  to  the  high-tension  buses  HTB,  Its 
pressure  is  indicated  on  the  voltmeter  V  through  a  small 
step-down  transformer,  it  being  sufficient,  as  already  ex- 
plained, to  connect  this  to  two  wires  only.  The  spark- 
gaps  S  G  enable  any  dangerously  high  pressure,  which  may 
be  developed  owing  to  the  capacity  effect  (§  55)  of  the 
cables,  to  dissipate  itself  by  sparking  across.  The  pressure 
on  HTB  is  indicated  by  a  voltmeter  Vi  which  like  F, 
is  preferably  connected  through  a  small  step-down  trans- 
former ;  these  instruments  being  calibrated  accordingly, 

PMy  P  M  are  polyphase  motors  connected  with  II T  B 
through  triple-pole  switches  and  fuses;  S B,  S B  being 
their  starting  resistances,  the  function  of  which  was  ex- 
plained in   §  140.     In  the  figure,  each  motor  is  shown 
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coils  F F  of  which  are  shunt- wound,  and  connected  in  a 
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special  way  to  the  rheostats  iS,  J2,  JR.  The  main  circuits  of 
the  dynamos  are  indicated  by  the  thick  lines.  These 
pairs  of  machines  feed  into  low-tension  3-wire  bus-bars 
— ,  0,  +,  in  an  exactly  similar  manner  to  that  shown  in 
Fig.  395 ;  and  to  these  buses  the  +,  neutral, and  —  feeding 
or  distributing  cables  C,  0,  G  are  connected.  Balance 
between  the  two  sides  of  the  3-wire  system  is  maintained 
by  the  help  of  the  rheostats  B,  B,  K  If  each  motor  drive 
a  single  dynamo  only,  the  P.D.  of  which  is  equal  to  that 


Fig.  396.— Bare  Mains. 

between  the  outers ;  balance  may  be  maintained  in  any  of 
the  ways  already  described  (Figs.  368,  369,  etc.). 

240.  Overhead  and  Underground  Mains;  Bare 
Copper  Mains. — In  the  earliest  days  of  electric  lighting, 
the  current  was  conveyed  from  point  to  point  by  means 
of  bare  or  covered  wires  mounted  on  insulators  and  poles 
overhead ;  in  much  the  same  manner  as  some  telephone 
and  telegraph  wires  are  run  at  the  present  time.  No\v-a- 
days,  except  in  very  special  cases,  or  in  villages  and 
outlying  districts,  the  conductors  are  put  underground. 

In  some   places,  bare   copper  conductors  mounted    on 


§  240.]  MAINS,  663 

insulators  in  cast-iron  pipes  or  conduits  are  still  used. 
An  illustration  of  one  of  various  such  systems  is  given  in 
Fig.  396.  The  conductors  have  no  insulating  covering 
whatever,  and  are  made  up  of  strips  of  copper  laid  side  by 
side  in  cast-iron  troughs.  These  are  insulated  from  the 
troughs  and  are  supported  by  arch-shaped  stoneware  insu- 
lators, placed  at  intervals,  and  having  three  notches  formed 
in  the  top  to  receive  the  copper  strips  composing  the  three 
conductors.  A  is  one  of  the  insulating  stoneware  blocks,  and 
-h,  Ty  and  — ,  the  positive,  neutral,  and  negative  mains 
respectively.  One  advantage  claimed  for  this  system  is 
that  extra  copper  strips  can  easily  be  put  in  place  as 
the  demand  for  current  increases,  without  disturbing  the 
rest.  Another  is  that  there  is  no  insulating  covering  to 
pay  for  and  to  depreciate.  On  the  other  hand,  there  is 
serious  risk  of  breakdown  through  flooding  of  the  conduit. 

Where  it  is  desired  to  lead  the  current  into  a  con- 
sumers premises,  a  hole  is  drilled  through  the  side  of 
the  iron  trough,  and  a  piece  of  gas-pipe  tapped  into  it. 
The  consumer's  service  wires,  which  are  of  ordinary 
insulated  cable,  are  led  through  this  pipe,  their  con- 
nection with  the  copper  strips  being  a  very  simple  matter. 

Such  a  system  of  bare  conductors  is  only  advisable 
on  a  low-pressure  or  100-volt  supply,  as  the  surfaces  of 
the  insulators  are  always  to  a  certain  degree  dirty  and 
damp,  so  that  with  high  pressures  considerable  leakage 
would  take  place  between  the  mains,  to  say  nothing  of 
electrolytic  action. 

Systems  of  this  class,  which  were  rather  extensively 
used  at  one  time,  are  dropping  out  of  favour  now  that 
high-pressure  supply  is  the  order  of  the  day. 
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241.  Methods  of  Laying  Mains. — Modern  systems  of 
laying  mains  may  be  classified  as  either  draw  in  or  solid. 
In  the  former  the  cables  are  drawn  through  pipes  or 
conduits,  a^jd  can  be  withdrawn  and  replaced  by  fresh  ones 
at  any  time.  In  the  solid  system,  the  conductors  are 
virtually  buried  in  the  ground;  and  the  soil  has  to  be 
opened  up  whenever  it  is  desired  to  get  at  the  cables. 

In  draw-in  systems,  the  pipes  are  of  cast-iron  or  steel, 
or   sometimes   of   stoneware.      Besides   pipes,   blocks    of 


Fig.  397.— Four-way  Doulton 
Conduit. 


Fig.  398.— Six-way  Doulton 
Conduit. 


stoneware,  cement,  bitumenized  wood,  or  other  semi- 
insulating  material  are  also  used.  These  blocks  have  a 
number  of  ducts  or  cable-ways  passing  through  them, 
and  are  placed  end-to-end  in  the  trench  with  water-tight 
jointing.  Figs.  397  and  398  give  sections  of  4-way  and 
6-way  Doulton  stoneware  conduits. 

Solid  systems  are  of  two  kinds.  In  the  first,  the  cables 
are  laid  in  wooden  or  stoneware  or  iron  troughs,  which 
are  then  filled  in  with  pitch  or  similar  insulating  com- 
pound, a  cover  put  over,  and  the  trench  filled  in.  In  the 
second  solid  system,  the  cables,  which  must  of  necessity  be 
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armoured  in  this  case,  are  laid  straight  in  the  trench,  with 
'perhaps  simply  a  hoarding  over  them  to  warn  future 
excavators  of  their  presence. 

An  example  of  the  first  method  is  illustrated  in  Fig. 
399,  which  gives  a  section  of  a  stoneware  trough  in  which 
the  cable  is  embedded  in  bitumen,  the  top  being  then 
filled  in  with  cenient.  In  Fig.  400  are  given  three  forms 
of  stoneware  trough  with  stoneware  covers,  the  cables 
being  "  run  in "  with  bitu- 
men or  other  insulating 
*'  compound."  The  lower 
trough,  it  will  be  observed, 
carries  the  three  cables  of 
a  3-wire  system.  In  the 
Howard  system,  the  trough- 
ing  is  made  of  asphalt  with 
an  outer  lining  of  thin  sheet- 
iron.  The  cables  are  laid  in 
the  trough  and  then  *'run 
in"  with  bitumen,  the  top 
being  filled  in  with  asphaltic 

concrete.     Fig.  401  shows  a  trough  of  this  kind  with  the 
three  cables  of  a  3-wire  system  in  situ. 

In  addition  to  that  at  the  feeder  points,  means  of  access 
to  the  cables  are  provided  at  numerous  places  on  the  dis- 
tributing network;  these  being  generally  in  the  form  of 
connecting  and  draw-in  manholes,  and  pits  or  boxes, 
which  are  additional  to  the  service  boxes  already  referred 
to  (§  219). 

242.  Types  of  Cable. — As  regards  their  conductors, 
cables  may  be  classified  as  single-,  douhle-,  or  triple-coo^Cy 


Fig.  399.— Sykes  Cable  Trough. 
(Albion  Clay  Co.) 
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according  to  the  number  of  separate  conductors  comprised 
in  the  cable.  When  there  are  more  than  three  conductors, 
cables  become  four- core,  five-core,  six-core,  and  so  on,  as 
the  case  may  be.  The  upper  left-hand  and  lower  illustra- 
tions in  Fig.  400  show  single-core  cables,  while  double-core 


Fig.  400— Doulton  Troughing. 


ones  are  to  be  seen  in  Fig.  399,  and  in  the  upper  right- 
hand  illustration  of  Fig.  400.  Figs.  403,  405,  and  407  are 
triple-core,  and  Fig.  402  four-core;  while  Fig.  404  is  a 
six-core  cable,  this  being  a  three-wire  feeder  with  pilot 
wires.  Ordinary  concentric  cables  are  double-core  ones,  in 
which  one  conductor  surrounds  the  other,  as  in  Fig.  399. 
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A  triple  conceniQ'ic  cable  has  three  cylindrical  coaductors, 
one  within  the  other.  Figs.  403  and  405  are  twin  con- 
centric cables,  and  are  suitable  for  polyphase  work.  Fig. 
402  is  for  three-phase  working  with  a  balancing  wire ;  and 
Fig.  406  is  a  three-phase  cable  with  an  earth  sheath  as 
prescribed  by  the  Board  of  Trade. 

As  regards  their  insulation  cables  are  either  ordinary  or 
hygroscopic.     Those  with   hygroscopic  insulation  must  of 


Fig.  401.— Howard  Trough. 

necessity  have  a  sheathing  of  lead,  and  are  thus  termed 
lead'Sheathed  cables.  Examples  of  such  are  given  in  Figs. 
402  to  407.  AQ^moured  cables  have  an  outer  sheathing  of 
lead,  or  of  steel  or  iron  wire  or  tape,  in  the  case  of  ordinary 
cables ;  and  of  steel  or  iron  wire  or  tape,  in  addition  to  the 
lead  sheathing,  in  the  case  of  hygroscopic  ones.  Fig.  407 
is  a  section  of  a  lead-sheathed  wire-armoured  cable. 

Possibly  the  best,  and  at  the  same  time  the  most  ex- 
pensive insulation,  is  vulcanized  indiarubber  (Chap.  III). 
OJconite  and  certain  other  specially  named  cables  are  those 
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insulated  with  indiarubber  mixed  with  various  foreign  sub- 
stances. Bitumen  is  a  mineral  closely  related  to  asphalt, 
and  when  vulcanized  in  the  same  way  as  rubber  it  forms 


Fte.  402 


Fig.  403. 


Figs.  402  to  406.— Types  of  Cable.     (British  Insulated  and 
Helsby  Cables,  Ltd.) 

a  very  fair  insulator  for  cables.  Hygroscopic  cables  are 
insulated  either  with  paper,  or  with  a  mixture  of  paper  and 
fibre ;  and  are  then  impregnated  with  resinous  or  mineral 
oils. 
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Concentric  or  double-core  cables  arc  largely  employed  for 
single-phase  alternating-current  work,  as  if  single  cables 
were  used  they  might  inadvertently  be  drawn  into  separate 
iron  pipes,  and  so  introduce  a  choking  efifect  into  the  circuit 
(§  214).  When  the  two  conductors  are  bound  up  in  one 


Fig.  407. — Three-core  Armoured  Lead-sheathed  Cable. 
(W.  T.  Glover  &  Co.) 

cable,  it  is  manifestly  impossible  for  such  a  mishap  to  occur. 
Such  cables  are*  of  course  used  for  direct  currents  as  well. 

Paper  or  fibre  insulated  cables  require  great  care  in 
laying,  as  if  the  lead  sheathing  become  punctured,  or  a 
cable  end  be  left  exposed  to  the  air  for  any  length  of  time, 
damp  will  be  absorbed,  and  the  insulation  of  the  cable 
will  be  greatly  reduced  at  such  points. 
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243.  Conclusion. — This  being  the  concluding  paragraph 
of  the  book,  as  well  as  of  the  present  chapter,  it  would 
seem  fitting  to  make  some  general  remarks  both  as  to 
the  present  work  and  future  developments  that  may  be 
expected  in  Electric  Lighting  and  Power  Distribution. 
Considering,  however,  the  very  elementary  character  of 
this  book,  and  the  fact  that  it  is  only  intended  to  help 
students  over  the  threshold  as  it  were,  and  to  introduce 
them  to  the  various  departments  of  electrical  engineering, 
any  such  summing  up  would  be  premature. 

The  serious  and  ambitious  student  who  has  accorded 
the  Author  the  honour  of  perusing  these  volumes,  may  be 
informed,  in  the  unlikely  event  of  his  not  being  already 
aware  of  the  fact,  that  a  much  more  serious  course  of 
study  must  be  undertaken  if  he  intend  to  make  any 
mark  in  the  diversified  profession  of  electrical  engineering. 

Acquaintance  with  current  practice  and  topics  can  only 
be  kept  up  by  a  close  perusal  of  the  electrical  periodicals, 
and  of  the  journals  or  proceedings  of  the  various  engineer- 
ing and  scientific  bodies,  especially  the  Journal  of  the  In- 
stitution of  Electrical  Engineers.  As  regards  books,  the 
seeker  after  knowledge  will  find  a  rather  appalling  number 
to  select  from.  On  attempting  to  draw  up  a  concise  and 
comprehensive  list,  the  writer  finds  he  has  to  abandon  the 
task ;  for  there  are  so  many  paths  of  electrical  knowledge, 
and  so  many  stages  on  each  path,  and  s(5  many  helps  to 
progression  at  each  stage ;  that  the  drafting  of  such  a  list, 
to  meet  with  anything  like  general  acceptance,  is  really 
impossible.  In  this  matter,  therefore,  the  student  must 
consult  those  under  whom  he  is  studying,  or  with  whom 
he  is  working. 
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The  last  sentence  reminds  me  to  point  out  to  my 
readers  that  no  real  knowledge  of  any  branch  of  electrical 
engineering  can  be  gleaned  from  reading  alone.  Study 
must  go  hand  in  hand  with  arduous  work  in  the  laboratory, 
in  the  factory,  and  in  the  open. 


CHAPTER  XVII.— QUESTIONS. 

In  answerhig  these  questions,  give  sketches  wherever  possible. 

*1.  Say  what  you  understand  by  electrical  energy,  and  show  that  a 
large  current  does  not  necessarily  mean  great  power. 

2.  The  declared  pressure  at  which  current  is  supplied  to  houses 
by  mains  coming  from  a  central  station  is  raised  from  100  to  220 
volts.  If  the  percentage  loss  in  the  mains  is  to  remain  the  same 
as  before,  by  how  much  per  cent,  will  their  carrying  capacity  be 
increased  when  the  heating  limit  has  not  to  be  regarded  ?  [Ord.  1897.] 

3.  Enumerate  hriefly  the  principal  systems  of  electrical  distribution. 
*4.  When  both  are  possible,  do  you  consider  that  a  direct-current 

system  is  preferable  to  an  alternating-current  one  1    Give  reasons. 

5.  Define — omnibus  bars,  feeders,  ring  mains. 

6.  Why  are  ring  circuits  or  mains  employed  ? 

♦7.  Explain  the  advantages  of  having  the  dynamos  or  alternators 
at  a  central  station  joined  up  in  parallel  between  omnibus  bars. 

8.  In  laying  down  a  large  copper  conductor  to  carry  a  heavy 
current,  what  fundamental  principles  would  guide  you  in  determin- 
ing the  size  of  copper  for  a  given  length  of  main  and  a  given 
current  ? 

9.  Consider  in  detaQ  the  advantages  and  disadvantages,  to  the 
supply  company  and  to  the  consumer,  of  changing  the  supply  of 
electric  energy  to  a  district  at  100  volts  to  one  at  200  volts.  [Ord. 
1.900.] 

*9a.  For  what  reason  are  many  electric  supply  systems  raising  the 
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voltage  from  100  volts  or  thereabouts  on  each  side  of  the  three-wire 
system,  to  200  volts  or  more  on  each  side  1    [Prel.  1902.] 

10.  What  are  the  advantages  of  and  disadvantages  of  supplying 
electric  power  to  lamps,  motors,  etc.,  in  series  or  in  parallel  ? 
[Ord.  1901.] 

*11.  What  is  the  3- wire  system,  and  what  is  the  good  of  it? 
[Prel.  1895.] 

*12.  Describe  briefly  what  is  meant  by  the  3-wire  system  of 
distribution.  Make  a  diagrammatic  sketch  showing  a  set  of  three 
conductors  forming  a  3-wire  feeder  connected  to  a  small  section 
of  distributing  network,  and  indicate  by  plus  (  +  )  and  minus  (-) 
signs  the  relative  polarities  of  the  conductors.     [Prei  1900.] 

13.  What  are  the  advantages  of  using  accumulators  at  an  electric 
light  central  station  ?  What  type  of  accumulators  would  you  adopt 
for  this  purpose,  and  why  ?    [Ord.  1900.] 

14.  What  is  the  3-wire  system  of  distribution,  and  why  is  it 
used]  If  any  one  of  the  three  wires  is  to  be  earthed,  which  one 
would  you  select,  and  how  would  you  "earth"  it  ?    [Ord.  1896.] 

15.  Sketch  the  arrangements  of  lamps  and  conductors  known  as 
the  series,  parallel,  multiple  series,  three-conductor  method,  and  Jive- 
condicctor  method,  and  describe  in  each  case  the  nature  and  disposition 
of  the  dynamos.     [Ord.  1890.] 

16.  What  are  the  merits  and  demerits  of  the  sub-station  method 
of  distribution  ?    [Ord.  1897.] 

17.  What  are  the  advantages  obtained  by  using  a  storage  battery 
in  a  central  station  for  the  public  supply  of  continuous  currents  1 
[Ord.  1892.] 

18.  When  are  alternate-current  systems  better  than  continuous- 
current  systems  ?  Give  your  reasons  as  fully  as  possible.  [Onl. 
1895.] 

19.  Contrast  the  advantages  of  an  alternating-  and  a  continuous- 
current  high-pressure  system  for  town  lighting,  using  sub-stations  in 
each  case. 

20.  Compare  the  advantages  and  disadvantages  of  the  two  follow- 
ing systems  of  supply  from  central  stations  : — 

(a)  The  3-wire  system,  with  batteries  for  continuous-current 
supply. 
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(6)  The  sub-station  system  of  alternating-current  supply.   [Ord. 
1893.] 

21.  Modify  Fig.  390,  showing  the  switchboard  connections  of  a 
direct-current  station,  by  substituting  a  Highfield  booster. 

22.  In  the  electric  transmission  of  power  at  extra  high  pressure, 
with  alternating  currents,  what  difficulties  exactly  are  met  with  in 
consequence  of  capacity,  induction,  and  leakage  ?  Discuss  the  ques- 
tion whether  it  is  better  to  employ  low-pressure  dynamos  with 
step-up  transformers,  or  to  generate  at  high  pressure.     [Ord.  1899.] 

23.  State  relative  advantages  and  disadvantages  of  the  two  follow- 
ing systems  of  distributing  alternating  currents: — 

(a)  Transformers  in  consumers*  houses. 

(6)  Transformers  in  sub-stations.    [Ord.  1894.] 

24.  What  is  your  idea  of  the  advisability  of  earthing  the  secondary 
in  transformer  systems  ?    [Ord.  1895.] 

25.  A  district  is  supplied  with  alternating  current  from  a  central 
station.  What  are  the  advantages  and  disadvantages  of  running  the 
street  arc  lamps  from  the  alternating-current  mains  or  from  an 
independent  direct-current  circuit  provided  specially  for  these  street 
lamps  ?    [Ord.  1897.] 

26.  Give  a  rough  sketch  of  a  switchboard  for  a  station  with 
batteries  and  feeders  and  a  three-wire  system.     [Ord.  1895.] 

.  27.  What  is  a  "booster"  1  How  is  it  used  in  connection  with  an 
electric  tramway,  and  for  what  object  ?  Give  sketches  illustrating 
your  answer.     [Ord.  1900]. 

*28.  What  special  precautions  must  be  taken  in  laying  paper-  or 
fibre-insulated  mains  ?    [Prel.  1898.] 

*29.  What  are  the  advantages  and  disadvantages  of  using,  for  low- 
pressure  mains,  bare  conductors  supported  on  insulators  in  conduits, 
as  compared  with  lead-covered  paper-insulated  cable  drawn  into 
pipes?    [Prel.  1898.] 

30.  Why  should  alternate-current  mains  be  either  concentric  or 
laid  close  together  in  the  same  channel  ?  Has  any  such  precaution 
to  be  adopted  with  mains  carrying  a  rectified  alternate  current? 
[Ord.  1897.] 
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N.B.— J/ie  figures  refer  to  tfie  numbered  paragraphs. 


Absorption  dynamometer,  128. 
Accumulator.    See  Secondary  cell  or  bat- 
tery. 

—  installations,  171-177. 

—  switchboards,  179. 

Accumulators.  Series,  sliunt,  and  com- 
pound dynamos  with,  7. 

Acidometer,  184. 

Active  material  of  secondary  cells,  165. 

'•  Ageing  "  of  iron  in  a  transformer,  190. 

Alternating  current,  30-32. 

circuit.  Mechanical  devices  illus- 
trating phenomena  in,  37. 

circuits.    Power  in,  59,  60. 

conductors  in  iron  pipes,  38. 

dynamos  or  generators.  See,  Alter- 
nators. 

.    Effect  of  on  insulation  of  circuit, 

39. 

generating  stations,  238,  239. 

.    Graphical  representation  o^  42. 

motors,  100,  135. 

supply  systems,  233,  234. 

—  currents.    Conductors  for,  38,  54. 

.    Ohm's  law  applied  to,  57. 

Alternation,  43. 

Alternator,  62. 

—  armatures,  67. 

— .    Brush  inductor,  72. 

— .    — Parsons  Turbo-,  74. 

— .    Crompton,  76. 

— .    Ferranti,  69,  70. 

— .    Inductor,  66,  72. 

— .    Johnson  ft  Phillips,  73. 

— .    Lowrie-Parker,  76. 

— .    Mather  ft  Piatt,  75. 

— .    Mordey-Victoria,  71. 

— .    Parsons  Turbo-,  74. 

— .    Siemens,  76. 

Alternators.    Classification  of,  63,  66,  67, 

68. 
— .    E.M.F.  of,  77. 
— .    Excitation  of,  68. 
— .    Frequency  of,  44,  79. 


Alternators.    Monophase,  64. 
— .    Synchronizing  of,  78,  238. 
— .    Two-  and  three-phase,  65, 
Aluminium.    Electrical  production  of,  154. 
Ampere-hour,  153. 

capacity  and  efficiency  of  cells,  162. 

meter,  80. 

Amperes.    Effective,  56. 
— .    Virtual,  45,  57. 
Amplitude,  46. 
Angles,  42  (footnote). 
Anion,  148. 
^node,  148. 
Apparent  resistance,  48. 

—  power  or  watts,  59. 
Applications  of  motors,  134. 

Arc.    Electrolysis  by  means  of,  154. 

—  lighting.    Series  dynamo  for,  4. 
of  streets,  235. 

Areas  of  wires,  127  (foof  note). 
Armature.    Cross  magnetization  of,  2, 

—  cores,  17,  107. 

—  I'eaction,  2. 
Armatures  of  alternators,  67. 

dynamos.    Calculations  for,  24. 

.    Materials  for,  17. 

Armoured  cable,  242. 
Aron  meter,  93. 
Asynchronous  motors,  135. 
Atkinson-Schattner  demand  indicator,  99. 
Atomic  weight,  158. 
Automatic  motor  starter,  123. 

—  regulators,  18,  74. 
Automobile.    Electric,  185. 
Auto-transformer,  234. 

B. 

BackKM.F.  of  a  cell,  161. 

motor,  111. 

Balancer-booster,  204,  237. 

Balancers,  203,  225. 

— .    Static,  234. 

— .    Three-wire  distribution  witli,  225,  226. 

Balancing  coil,  234. 

—  wire,  222." 
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Band-saw  driven  by  motor,  134. 

Bare  copper  mains,  240. 

Bastian  meter,  83. 

Batten  rectifier,  208. 

Batteries.    Floating,  224,  227. 

— .    Three-wire  distribution  with,  224,  220. 

Battery  cars,  129. 

charging  booster,  181,  204. 

—  meter,  96. 

—  regulators,  178. 

—  tramway  system,  129. 
Bead  hydrometer,  184. 
Bell.    Magneto,  82. 

—  telephones,  32. 
Belt  driving,  27. 

— .    Power  transmitted  by,  27. 

Berry  transformer,  196. 

B.H.P.,  28. 

Bi-polnr  dynamos.     Design  of,  19,  20. 

Bitumen,  242 

Blow-outs,  131. 

Booster,  181,  204. 

— .    Battery -charging,  181. 

— .     Reversible,  204,  227,  228,  237. 

— .    Static,  197. 

Brake  dynamometer,  128. 

— .    Electric,  131. 

—  horse-power,  28. 

British  Tliomson-IIouston  double-current 

generator,  79a. 
motor,  134. 

—  Westinghouse  double-current  genernlor, 

79a. 
Bruce  Peebles  coal  cutter,  184. 

polyphase  motor,  144. 

Brush  inductor  alternator,  72. 
— Parsons  turbo-alternntor,  74. 

—  tramcar  equipment,  130,  131. 
Bus-bars.    Multiple,  223. 
Bus.    Trolley  system,  129. 


Cable.    Types  of,  242. 

Calcium  carbide.      Electrical    production 

of,  154. 
Capacious  circuit,  35. 
Cajmcity  and  inductance  in  a  circuit,  3(>,  37. 

—  e fleet,  55. 

— .    Effect  of  on  insulation  of  circuit,  39. 

—  in  a  circuit,  32-37. 

—  of  mains,  34,  35. 

—  of  secondary  cells,  156,  162,  103,  174. 
Carborundum.    Electrical  i>roduct:on  of, 

154. 
Cars.    Electric,  133. 
Cathode,  148. 
Cation,  148. 
Ceiling  fan,  134. 
Cells.    See  Secondary  cells. 
Central  station,  210. 


Characteristic  curve,  1. 
and  behaviour  of  a  compound  dy- 
namo, 8. 

series  dynamo,  2. 

shunt      „      ,  5. 

.    Drooping,  4. 

.    Internal  and  external,  3. 

.    Rising,  8. 

Charge  and  discliarge  switches,  178. 
Charging  power,  162. 
"  Chelmsford  "  reversible  booster,  227. 
Clicmical  effect  of  the  current,  148. 

—  meters,  81,  83-85. 

"  Chloride  "  cells,  166. 

Chloride  of  sodium  (common  saltX  Elec- 
trolysis of,  150. 

Choking  coils  or  "  chokers,"  50-52. 

.    Connection  between   transfonners 

and,  1J)0. 

.    To  find  necessary  inductance  for,  5.S. 

Circuit.    Ca]>acious  apd  non-capHcioo8,  35. 

— .    Capacity  and  inductance  in,  36,  37. 

— .     Capacity  in,  32-37. 

— .  Effect  of  alternating  current  and  (>f 
inductance  and  capacity  on  insu- 
lation of,  39. 

— .     Inductance  in,  38. 

— .    Time  constant  of,  137. 

Circuits.    Inductive  and  non-inductive,  35. 

Ciicumflux,  24. 

Clausius*  theory  of  electrolysis,  152. 

Clock  meter,  81,  93. 

Closed-conduit  tramway  systems,  129. 

Clutch.    Magnetic,  134. 

Coal  cutter,  134. 

Coefficient  of  leakage,  23. 

Coin-freed  meter,  81,  84. 

Collector  rings,  (i6. 

Commercial  efficiency  of  a  dynamo,  9. 

! motor,  113,  114. 

I  Compensated  or  compounded  alternators, 
68. 

Cimipensating  coil,  234. 
I  Compensator.    Motor-,  225. 
'  Compound  dynamo.    Characteristic  curve 
and  behaviour  of,  8. 

.     Regulator  for,  11. 

I with  accumulators,  7. 

—  dynamos  in  series  or  in  |iarallel,  14. 
I  Compounding  coil,  88. 

Compound  winding,  118. 

wound  motors,  118. 

' .    Starters  for,  122. 

Concentric  cable,  242. 
Condenser  action,  34. 

—  current,  35. 

—  effect,  55. 
Condensers  in  circuit,  33. 

Conductor  dielectric.     Electrification  of, 
40. 

—  impedance,  58,  54. 
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Conductors  for  alternating  currents,  88, 54. 
Conduit  tramway  systems,  129. 
Conduits.    Doulton  stoneware,  241. 
Constant  potential  and  constant  current 

transformers,  107,  207. 
Continuous  current.    See  Direct  current. 
Control  of  pressure  on  2-wire  feeders,  221. 
Controller  for  tram  motor,  181. 
— .    Reversing,  119,  181. 
Conversion.    Efficiencv  of,  9. 
Converted  supply  systems,  217,  281,  232- 

284. 
Converters.    See  Transformers, 
Conveyer.    Overtwad,  184.» 
Cooper-Hewitt  rectifier,  206. 
*'  Copper  loss  "  in  mains,  214. 
Copper  sulphate.    Electrolysis  of,  161, 

—  -type  alternator,  69. 
Core  disks,  107. 

- — plates.    Transformer,  192. 

Core  transformer,  193. 

Cores  of  fleld-magnets  and  armatures,  17, 

107. 
Cosine  or  cos,  60> 
Coulomb,  81. 

—  meter,  80. 

Counter  B.M.F.  of  a  cell,  161. 

motor.  111. 

Countershaft.    Motor-driven,  184. 
Cowan's  regulable  transformer,  197. 

—  switch  for  inductive  circuits,  89. 
Crane.    Electric  travelling,  134. 
— .  —  walking,  184. 

Crompton  ft  Co.'s  alternator,  76. 

ceiling  fan,  184. 

choking  coil,  61. 

reversible  booster,  227. 

travelling  crane,  184. 

Cross-magnetization  of  armature,  2. 
Cross  traveller,  184. 
Cumulative  compound  winding,  118. 
Current.  Action  of  resistance  and  reactance 

on,  60. 
— .    Alternating.    See  Alternating  current. 

—  -character  transformers,  206. 

— .    Charging  and  discharging,  162. 

— .    Chemical  effect  of,  1 48. 

— .    Condenser,  85. 

— .    Effective,  56. 

— .    Inducing,  18S. 

— ,  mains,  drop,  and  power,  218,  214. 

— .    Periodic,  harmonic,  or  wave,  82, 

— .    Polyphase,  61. 

— .    Rectified,  206,  207. 

—  regulator,  155. 
— .    Virtual,  46,  57. 
— .    Wattless,  59. 
Curve,  1. 

Cycle,  48. 


D. 

Day  and  night  load  meter,  95. 
Dead  centre,  101. 
Demand  indicators,  96-99. 
Design  of  dynamos,  16-24, 

motors,  126,  127. 

Diamond  Coal  Cutter  Co.'s  coal  cutter,  184. 
Dielectric.    Electrification  of,  40. 

—  hysteresis,  40,  60. 
Differential  compound  winding,  118. 
Diphase  alternator  or  diphaser,  63,  65. 

—  current,  61. 

Direct-current  circuit.  Mechanical  devices 
illustrating  phenomena  in,  86. 

motors,  100. 

station,  287. 

transformer,  187,  202. 

—  driving,  27. 

—  supply  systems,  217,  280. 
Direction  of  rotation  of  motors,  108. 
Discharge  switches,  178. 

Disks.  Core-,  107, 188. 
Distortionof  field,  116. 
Distributors  or  distributing  mains,  218, 

219. 
Diverting  rheostat,  228. 
Double-core  cable,  242. 
current  generators,  79,  79a. 

—  dynamos,  228a. 

Doulton  conduit  and  troughing,  241. 

"D.P."  cells,  167. 

Drag,  102,  108. 

Drake  and  Gorham's  table  fkn,  134. 

Draw-in  systems  of  mains,  241. 

Drilling  machine  driven  by  motor,  184. 

Driving  of  dynamos,  27. 

Drooping  characteristic,  4. 

Drop,  mains,  current,  and  power,  213,  214. 

— .    Ohmic  and  reactive,  57. 

Drum  alternator  armatures,  67. 

—  annature  motors.    Principle  of,  104, 106. 
Dynamo-accumulator    installations,    171- 

177. 

— .    Alternating-current.    8u  Alternator. 

— .    Calculations  for  armature  of,  24. 

— .  Changing  of  conn^ions  when  direc- 
tion of  running  is  changed,  15. 

— .  Characteristic  curve  and  behaviour  of 
a  compound,  8. 

— .    — ' series,  2. 

— . shunt,  5. 

^.  Connection  between  winding,  field, 
speed,  and  E.M.F.  of  a,  18. 

—  design,  16-24. 

— .    Economic  coeflScient  of  a,  9. 

— .    Magnetic  circuit  of,  28. 

— .    Terminal  P.D.  of,  22. 

— .    Unit,  9. 

Dynamos.    Double  or  twin,  228a. 

— .    Efficiency  of,  9. 
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Dynamos.    E.M.F.  of  multipolar,  21. 
— .    Faults  in,  26. 

—  for  arc  lighting.    Series,  4. 
— .    Heating  of,  25. 

—  in  series  or  in  parallel.   Coupling  of,  14. 
— .    Lead  of,  116. 

— .    Methods  of  driving,  27. 

—  on  series  and  p&rallel  circuits.  Behaviour 

of,  6. 
— .    Over-compounding  of,  8. 
— .    Regulators  for,  10-13. 
— .    Reversal  of  polarity  of,  7. 
— .    Turbo-,  74. 

—  with  accumulators.    Series,  shunt,  and 

compound,  7. 
Dynamometers,  128. 
Dynamotor,  202. 
Dyne-centimetre,  109. 


Earth,  181. 

Earthed  8-wire  systems,  223. 
Economic  coefficient  of  a  dynamo,  9. 
Economy  of  high  pressure,  214. 
Eddy  current  losses  in  mains,  214. 
Effective  E.M.F.  and  current,  56. 

—  H.P.,  28. 

—  watts,  59. 

BflBciency  of  dynamos,  9,  115. 

motors,  113-115. 

.    To  test,  128. 

secondary  cells,  162. 

static  transformers,  190. 

Electric  brake,  131. 

—  Construction  Co.'s  choking  coil,  51. 
motor-dynamo  and  -generator,  203. 

—  furnace,  164. 

—  generating    stations.      See   Generating 

stations. 

—  motors.    See  Motors. 

—  or  electromagnetic  inertia,  86. 

—  tramways.    See  Tramway. 

—  valve.    Nodon,  209. 

—  victoria,  185. 

Electrical  eflflciency  of  dynamos,  9. 
motors,  114. 

—  energy,  21 1. 

—  resonance,  39,  55. 

—  Transmission   Co.'s   ordinarj'   and    re- 

versible motor  starters,  122,  124. 
Electricity  meters,  80-95. 

—  supply.    Systems  of,  216,  217,  222-226, 

228A-234. 

—  works,  210. 

Electrification  of  conductor  dielectric,  40. 
Electro-chemical  equivalent,  153. 
Electro-chemistry,  154. 
Electrode,  148. 
Electrolysis,  148-154. 

—  by  means  of  the  arc,  154. 


Electrolysis  of  common  salt,  150^ 

—  of  copper  sulphate,  151. 

—  of  water,  149. 
— .    Laws  of,  153. 
— .    Theory  of,  152. 
Electrolyte,  148. 
Electrolytic  meters,  81,  88-85. 

—  rectifier,  209. 
Electromobile,  185. 
Elihu-Thomson  meter,  83. 

E.M.F.  of  a  dynamo.    Connection  between 
winding,  field,  speed  and,  18. 

—  of  alternators,  77. 

—  of  motor.    Counter,  111. 

—  of  multipolar  dynamos,  21. 

—  of  secondary  cells,  161. 
— .    Effective,  56. 

— .    Impressed,  30,  56,  67.  • 
— .    Virtual,  45. 
Energy.    Electrical,  211. 

—  meter,  80. 
B.P.S.  cells,  165. 

—  electric  victoria,  185. 
Equalizer.    See  Balancers. 
Equalizing  main,  14. 
Equivalent.    Electro-chemical,  153. 
Erg  meter,  80. 

Excess  current  or  overload  release,  120-122. 
Experiments  on  inductance,  41. 
External  characteristic,  3. 

F. 

Face-coil  slotted,  tunnel,  and  pole  alter- 
nator armatures,  67. 
Fans,  134. 
Faraday's  law  of  electrolysis,  153. 

—  transformer,  191. 
Faults  in  dynamos,  26. 
Faure's  secondary  cell,  159. 
Features  of  a  perfect  motor  starter,  125. 
Feeder  booster,  204. 

—  point,  219. 
Feeders,  218. 

— .    Control  of  pressure  on  2-wire,  221. 
Ferranti  alternators,  69,  70. 

—  meter,  89. 

—  rectifier,  207. 

—  transfonner,  196. 
Field.    Distortion  of,  116. 
Field-magnet  winding,  23. 

—  magnets  of  dynamos.    Material  for,  17. 
of  reversible  booster.  Lamination  of, 

228. 

—  of   a   dynamo.      Connection    between 

winding,  speed,  E.M.F.  and,  18. 
Fields.    Rotating,  136, 187,  139. 
Five-core  cable,  242. 

wire  system,  229. 

Flats  in  commutator,  26. 
Floating  battery,  224,  227. 
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Flux.    Field-,  23, 
Fool-proof  switch,  119. 
Forks,  165. 

Foniiing  of  plates,  156, 158. 
Foucault  brake,  90. 

current  losses  in  mains,  214. 

Four-core  cable,  242. 

rail  tramway  or  railway  system,  129. 

Frequency,  31,  43. 

.^  of  alternators,  44,  79. " 

— ,  slip,  and  speed  of  nrntors,  141. 

Friction  driving,  27. 

Furnace.    Electric,  154. 


G. 

General  HLectric  Co.'s   polyphase  motor, 

146. 
Generating  stations,  210,  237-239. 

.    Direct-current,  237. 

.    Private,  171-177. 

.    Single-phase,  238. 

.    Three-phase,  239. 

Generators.     See  Dynamo  and  Alternator. 

— .    Double-current,  79,  79a. 

Grid  plates,  159. 

Griffin  (J.J.)  &  Son's  reversing  switch,  30. 

Grotthtiss'  theory  of  electrolysis,  152. 

Ground,  131, 


Haigh  (W.B.)  &  Co.'s  motor-driven  band- 
saw  and  saw-bench,  134. 

Hand  regulators,  10.    • 

Harding,  Churton<fe  Co.'s  polypliase  motor, 
145. 

Harmonic  current,  32. 

—  motion,  42. 
Heating  of  dynamos,  25. 
Heyland  single-phase  motor,  138a. 
High-  and  low-pressure  systems,  215. 

—  pressure.    Economy  of,  214. 
Highfield  reversible  booster,  228. 
Holden  hydrometer,  184. 
Holmes-Clatworthy  motor  system,  134. 
Hookham  D.C.  meters,  90,  91. 

—  A.C.  meter,  92. 
Horse-power,  28. 

of  a  motor.    To  test,  128. 

Hour  meter,  95. 

Howard  conduit,  241. 

Hunting,  26. 

Hurst  enclosed  hydrometer,  184. 

Hydraulic  analogue  to  alternating  current, 

31. 
Hydrometers,  184. 
Hygroscopic  cable,  242. 
Hysteresis.    Dielectric,  40,  60. 
Hysteretic  loss,  190. 


Impedance,  49,  57. 

— .    Conductor,  63,  54. 

—  coil,  50-52.- 

Impressed  E.M.F.,  30,  56,  57. 
Inching  round,  134. 
Indicated  H.P.,  28. 

Induced  current  losses  in  mains,  214. 
Inducing  current,  188. 
Inductance,  48: 

—  and  capacity  in  a  circuit,  36, 37. 

— .    Connection   between   reactance,  im- 
pedance, etc.,  and,  57. 
— .    Eflect  of  on  insulation  of  circuit,  39. 

—  in  a  circuit,  38. 

— .    Experiments  on,  41. 
Induction  coil,  188. 

—  confusion,  140. 

—  motors,  136. 

.    Split-phase,  137. 

Inductive  circuits,  35. 
.    Switches  for,  39. 

—  resistance,  35. 
Inductor  alternator,  QQ^  72. 
Inertia,  36. 

Input,  9. 

Installations.  Private  genera*  ing,  171-177. 

Insulation  of  a  circuit.  Effect  of  an  alter- 
nating current  and  of  capacity  and 
inductance  on,  39. 

Insulators.    Oil,  183. 

Integrating  wattmeter,  80,  87. 

Internal  characteristic,  3. 

Ions,  148,  152,  153. 

Iron  pipes.  Alternating-current  conduc- 
tors in,  38. 

Iron-type  alternator,  70. 

J. 

Jackson  (P.  R.)  &  Co.'s  ilieostat,  10. 
Jessop  &  Appleby  Bros.'  walking  crane, 

134. 
Johnson  &  Phillips'  alternator,  73. 

choking  coil,  51. 

meter,  94. 

polyphase  motor,  143. 

transformer,  194. 

Joule  meter,  80. 


Kapp  line,  20. 

Kathode,  148. 

Ration,  148. 

Keighley  Elec.  Eng.  Co.'s  motor  dynamo, 

203. 
Kilowatt-hour,  211. 


Lag,  47,  56,  57. 
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Lamination  of  field  magnets  of  reversible 

booster,  228. 
Lancashire    Dynamo   and    Motor    Go.'b 

balancer-booster,  204. 
Langdon-Davies  single-phase  motor,  138. 
Laurence  Scott  &  Co.'s  ship's  fan,  134. 
Laws  of  electrolysis,  153. 
Lead,  47,  56,  57,  116. 
Lead-sheathed  cable,  242. 
Leakage.    Coefficient  of,  23. 
Lines  of  force,  20. 
Litharge,  150. 
Litmus,  150. 

Liverpool  mains.    Bxperiments  on,  213. 
Looped  or  ring  mains,  220. 
Low-  and  high-pressure  systems,  215. 
Lowrie-Parker  alternator,  76. 


Magnetic  circuit  of  dynamo,  23. 

—  clutch,  134. 
^  drag,  102,  103. 
Magneto  alternators,  68. 

-  bell,  32. 

machine,  32,  68. 

Mains,  218-220,  240. 

— .    Capacity  of,  84,  36. 

— ,  current,  power,  and  drop,  218,  214. 

— .    Looped,  220. 

— .    Methods  of  laying,  241. 

— .    Size  and  insulation  of,  212. 

Marquand  cells,  160. 

Mather  ft  Piatt's  alternator,  75. 

motor-driven  countershaft,  overhead 

conveyer,  and  pump,  134. 

Mavor  A  Coulson's  motor-driven  drilling- 
machine  and  punkah-paller,  184. 

Maximum-demand  indicators,  06-00. 

system,  06. 

Maycock's  rule  for  finding  direction  of 
motion  of  current-carrying  con- 
ductor in  a  magnetic  field,  105. 

Mechanical  devices  Illustrating  phenomena 
in  direct-  and  alternating-  current 
circuits,  36,  37. 

-^  efficiency  of  dynamos,  0. 

' motors,  114. 

Mogaline,  20. 

Meter.    Aron,  03. 

—.    Bastian,  83. 

— .    Elihu-Thomson,  88. 

— .    Ferranti,  80. 

— .    Hookham  A.C.,  02. 

— .    —  D.C,  00,  01 

-^.    Johnson  ft  Phillips,  94. 

— .    Schattner  preimyment,  84. 

—.    Shallenbei^er,  86,  137. 

— .    Westinghouse,  87, 137. 

— .    Wright,  85. 

Meters,  80-95. 


Meters.    Classification  of,  81. 

— .    Connection  of  to  two-  and  three-wire 

circuits,  88,  03. 
— .    Special,  05. 
Middle-wire,  222. 
Miller's  choking  coil,  51. 
Mixed  supply  systems,  217. 
Molecular  transformer,  187. 
Momentum,  86. 

Money-in-the  slot  meter,  81,  84. 
Monobloc  cells,  170. 
Monophase  alternator,  68,  64. 

—  current,  61. 

Mordey-Victoria  alternator,  71. 
Motor  armature  cores,  107. 

— .    Asynchronous,  185. 

—  calculations,  126,  127. 

—  compensator,  225. 

— .    Compound- wound,  118. 

—  controller,  110, 120. 

— .    Counter  B.M.F.  of,  111. 

driving.     Hoknes-Clatworthy    system 

of,  134. 

—  dynamo,  202. 

— .    Efficiency  of,  113,  114,  115. 

—  generator,  181, 187,  202-204. 
.    Types  of,  208. 

— .    Heyland,  138a. 
— .    Induction,  185. 
— .    Langdon-Davies,  188. 
— .    Lead  of,  116. 

—  meter,  81,  86-02. 

— .    Non-synchronous,  135. 
— .    Power  absorbed  by.  111 

—  regulating  rheostat,  110. 
— .    Shuttle  armature,  101. 

— .    Split-phase  induction^  137. 

— .    Stray  power  in,  114. 

— .    Synchronous,  135. 

— .    Tramway,  180. 

Motors,  100. 

— .    Alternating  current,  185. 

— .    Applications  of,  184. 

— .    Design  of,  126,  127. 

— .    Difference  in  action   between  serie 

and  shunt,  117. 
— .    Direction  of  rotation  of,  108. 

—  for  tramway  work,  180. 

.    Controller  for,  181. 

— .    Polyphase,  140-146. 

— .    Principle  of  ring  a&d  drum  annatnre, 

104,  iro. 
^.    Single-phase,  138,  188a. 
— .    Starting  switches  for,  117, 119-125. 
— .    To  test  the  H.P.  and  efficiency  of. 

128. 
Moy's  battery  regulator,  178. 

—  motor  starter  and  controller,  120. 
Multiple  bus-bars,  228. 
Multipolar  dynamos,  E.M.F.  of,  31. 
Mutual  induction,  48. 
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N. 

Nnscent  hydrogen,  158,  166. 
Nett  efficiency  of  a  dynamo,  9. 
Neutral  wire,  222. 
Nodon  valve,  209. 
Nominal  H.P.,  28. 
Non-capacious  circuit,  35, 
Non-inductive  circuit,  85. 

resistance,  85. 

winding,  82. 

Non-synchronons  motors,  135. 
No-voltage  release,  120-122. 


Ohmie  drop,  57. 

—  resistance,  48. 

Ohm's  law  applied  to  alternating  currenU>, 

57. 
Oil  insulators,  183. 
OkoDite,  242. 

One-to-one  transformers,  234. 
Open-conduit  system  of  tramways,  129. 
Output,  9. 

Over-compounded  dynamo,  8. 
Overhead  conveyer,  134. 

—  mains,  240. 

—  system  of  tramways,  129. 

—  traveller,  184. 

Overload  release,  120,  121, 122. 


Paper-insulated  cables,  212. 
Parallel  coupling  of  dynamos,  14. 
Parsons  turbo-alternators,  74. 

.    Brush-,  74. 

Pasted  plates,  159. 
P.D.  of  a  dynamo,  22. 
Period,  43. 
Periodic  current,  32. 
Periodicity,  43. 
Pliase,  46. 

—  difference,  56,  67,  69,  GO, 

—  splitting,  137. 

—  transfonuer,  200. 
Phaser,  63,  61. 
Pilot  wires,  221. 
Plant,  171. 
Plante's  cell,  157. 

Plates.    Forming  of,  166, 158. 

— .    Pasted  and  Grid,  159. 

Plough.    Car,  129. 

Plug  switches,  223. 

Polarity  of  dynamos.    Reversal  of,  7. 

Pole  armature.    Face-coil,  67. 

—  finding  paper,  182. 

—  pieces  of  dynamos.    Material  for,  17. 

—  strength,  21. 

Polyphase  alternator  or  polyphaser,  63. 

—  currents,  61. 


Polyphase  fields.     Rotation  of,  139. 

—  generating  station,  239. 

—  motors,  140-146. 

.    ReversHl  of,  142. 

.    Starting  of,  140. 

Pound-foot,  109. 

Power  absorbed  by  a  motor,  112. 
factor,  60. 
given  out  by  rotating  body,  109,  110. 

—  in  alternating-current  circuits,  59,  60. 

—  index,  20. 

— ,  mains,  current,  and  drop,  213,  214. 

—  required  to  drive  trams,  132,  133. 
— .    Transmission  of,  147. 

—  transmitted  by  belt,  27. 
Prepayment  meter,  81,  84. 
Presssiiahn,  51. 

Pressure.     Economy  of  high,  2H. 

—  of  supply,  212,  214,  215. 

—  on  2-wire  feeders.    Control  of,  221. 
Primary  coil  of  a  transformer,  188. 
Private  generating  installations,  171-177. 
Prony  brake,  128. 

Pump.    Motor-driven,  134. 
Punkah-puller,  134. 


Quantity  meter,  80. 


Ra«1ia1-coil  alternator  armatures,  67 
Railway  working.     Supply  of  jiower  for, 

236. 
Ratio  of  transformation,  201. 
Reactance,  48,  49,  57. 
— .    Action  of  on  current,  50. 

—  coil,  50-52. 
Reaction  of  armature,  2. 
Reactive  drop,  57. 
Rebate  indicator,  96-99. 
Reciprocal  of  a  number,  45. 
Recording  wattmeter,  88. 
Rectified  current,  206,  207. 
Rectifiers,  206-209. 

— .    Batten,  208. 

— .     Cooper-Hewitt,  206. 

— .     Ferranti,  207. 

— .    Nodon's  electrolytic,  209. 

— .    Static,  206-209. 

Red  lead,  159. 

Reducti<»n  gear,  134. 

Regulable  transfonner,  197. 

Regulating  cells,  180. 

—  switoli,  51,  178. 

Regulation  of  current  by  means  of  glow 

lamps,  155. 
Regulators  for  dynamos,  10, 11,  12. 

.    Automatic,  13,  74. 

Resistance.    Action  of  on  current,  50. 
— .    Apparent,  48. 
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Resistance.    Ohmic,  48. 

— .    Spurious,  48. 

— .    Virtual,  49. 

Resonance.  Electrical,  39,  55. 

Reversal  of  polarity  of  dynamos,  7. 

polyphasy  motors,  142. 

Reversible  boosters,  204,  227,  228,  237. 

—  motor  starter,  124. 
Reversing  controller,  119. 

—  switch,  30 
Rheostat,  lA,  119. 

— .    Automatic  motor-starting,  123. 

— .     Diverting,  228. 

— .    Motor-starting  and  regulating,  119. 

— .    Three-circuit,  143. 

Rieter's  dynamometer,  128. 

Right-hand  rule  for  finding  direction  of 
motion  of  current-carrying  con- 
ductor in  magnetic  field,  105. 

Ring  armature  motors.    Principle  of,  106. 

—  mains,  220. 

Rise  of  pressure  effect,  55. 
Rising  characteristic,  8. 
Rolling  weight,  132. 
Rope  driving,  27 
Rotary  feeder  booster,  204. 

—  transformer  or  converter,  187,  202,  232. 
Rotating  fields,  136,  137,  139. 

Rotor,  66,  135,  136. 

— .     Squirrel-cage,  136,  138, 143. 

Rule  for  finding  direction  of  motion  of 

current-carrying   conductor    in    a 

magnetic  field,  105. 


Salt.    Electrolysis  of  common,  150. 
Saw-bench.    Motor-driven,  134. 
Schattner- Atkinson  demand  indicator,  99. 

—  ])repayment  meter,  84. 

Scott  (Ernest)    &    Mountain's    dynamo. 
Characteristic  of,  8. 

motor  with  worm  gear,  134. 

Secondary  cell.    Faures,  159. 

.    Plante's,  157. 

switchboards,  179. 

—  cells,  155-170. 

.    Active  material  of,  105. 

.    Calculations  concerning,  186. 

.    Capacity  of,  156,  162,  163,  174i 

.    Charging  booster  for,  181. 

.    Chloride,  166. 

.     D.P.,  167. 

.     Efficiency  of,  162,  163. 

.     E.M.F.  of,  161. 

.     E.P.8.,  165. 

.  Hints  on  the  working  and  care  of, 

182,  183. 

.     Marquand,  169. 

.     Modem  types  of,  164. 

.    Monobioc,  170. 


Secondary  cells.    Private  installations  of, 
171-177. 

.    Regulating,  180. 

.    Regulators  or  switches  for,  178. 

.    Tudor,  168. 

.    Size  of,  160. 

—  coil  of  a  transformer,  188. 
Self-induction.     See  Inductance. 
— starting  motor  rheostat,  123. 
Separate-coil  alternator.  68. 
Separately-excited  alternator,  68. 
Separators,  165. 

Series  coupling  of  dynamos,  14. 

—  dynamo.     Behaviour  of  on  series  and 

parallel  circuits,  6. 
.    Characteristic  curve  and  behaviour 

of,  2. 

for  arc-lighting,  4. 

.    Regulator  for,  12. 

with  accuinnlators,  7. 

—  dynamos  in  series  or  parallel,  14. 

—  motors.    Starters  for,  120. 
parallel  controller,  131. 

—  versus  shunt  motors,  117. 
Service  wires  and  boxes,  219 
Shallenberger  meter,  86,  137. 
Shell  transformer,  193. 
Ship's  ventilating  fan,  134. 
Shoe.    Car,  129. 

Shunt  dynamo.     Behaviour  of  on  series 

and  jmrallel  circuits,  6. 
.    Cliaracteristic  curve  and  behaviour 

of,  6. 

.    Regulator  for,  11. 

with  accumulators,  7. 

—  dynamos  in  series  or  in  parallel,  14. 

—  motors.    Starters  for,  121,  122. 

—  vei'sus  series  motors,  117. 
Shuttle-annature  motor,  lol. 
Siemens  alternator,  76. 

—  motor  starter,  121. 

—  switch  with  carbon  make  and  break,  39. 
Sine  curve  or  wave,  42. 

—  law,  42. 

—  or  sin,  42. 
Single-core  cable,  212. 

phase  alternator,  63,  64. 

current,  61. 

generating  station,  238. 

motors,  138,  138a. 

Six-core  cable,  242. 

Skin  resistance,  58,  54. 

Sknte.    Car,  129. 

Slip,  frequency,  and  speed  of  motors,  141. 

— ring  short-circuiting  device,  144,  146. 

—  rings,  66. 
Slipper.    Car,  129. 
Slotted  annatnre,  67. 
Slotting.     "Staggered,"  188. 
Slot  tramway  system,  129. 

1  Sodium  chloride.    Electrolysis  of,  150. 
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Solid  system  of  mains,  241. 
Spagnoletti  A  Co.'s  accumulator  switch- 
board, 179. 
Specific  gravity,  188, 184. 
Speed,  frequency,  and  slip  of  motors,  141. 

—  of  a    dynamo.      Connection    betwet  n 

winding,  field,  E.M.F.,  and,  18. 
Spiral  winding,  138. 
Split-pliase  induction  motor,  137. 

rotating  field,  137. 

Spongy  lead,  155. 

Spurious  resistance,  48. 

Souirrel-cage  rotor,  136,  138,  143. 

"Staggered"  slotting  or  winding,  138. 

Star-connected  winding,  143. 

Starting  switches  for  motors,  117, 119-125. 

Static  balancer,  234. 

—  booster,  197. 

—  rectifiers,  20«. 

—  transformers,  187-197. 
Stations.    See  Generating  stations. 
Stator,  66,  135. 

Steam  turbine,  74. 

Steel  for  field-magnets,  17. 

Step-down  and  step-up  transformers,  187, 

189. 
Storage  cell.    See  Secondary  cell. 

—  capacity  of  cells,  156. 
Stray  power  in  a  motor,  114. 
Street  lighting,  235. 
Siurtevant  dynamo  regulator,  10. 

—  motor  starter,  122. 

—  self-starting  motor  rheostat,  123. 
Sub-stations,  238,  289. 
Sulphion,  151. 

Supply  for  tramway  and  railway  working, 

286. 
— .    Pressure  of,  212,  214,  215. 
— .    Systems  of,  216,  217,  222-226,  22Pa- 

234. 
Surface-contact  tramway  systems,  129.1 
Switch.    Reversing,  30. 
— .    Regulating,  51,  178. 

—  with  carbon  make  and  break,  39. 
Switchboards.  Accuniultitor,  179. 
Switches.    Charge  and  discharge,  178. 

—  for  inductive  circuits,  39. 
-.     Plug,  223. 

-.    Starting,  117, 119-125. 
Sykes'  cable  trough,  241. 
Synchronizing  of  altei-nators,  78, 238. 
Synchronous  motors,135. 
Systems  of  electricity  supply,  216, 217,  222- 
226,  228A-284. 


Table  fan,  184. 
Telephones.    Bell,  32. 
Theory  of  electrolysis,  152. 

transformers,  201. 

Thomson  (Elihu)  meter,  88. 


Three-circuit  rheostat,  14S 

phase  alternators,  63,  66. 

current,  61. 

distribution  with  static  transformers, 

284. 

generating  station,  239. 

motors.    See  Polyphase  motors. 

—  —  transformers,  199. 

—  rail  tramway  or  railway  system,  129. 

—  wire  demand  indicator,  98. 

distributioiLwith  balanceis,  225. 

and  batteries,  226. 

batteries,  224. 

single  and  double  dynamos  and 

booster,  228a. 

system,  222,  228-226,  228a. 

transformers,  197. 

Time  base,  42. 

—  constant,  137. 
Torque,  109,  110. 

Total  efficiency  of  a  motor,  113, 114. 
Tractive  effort,  182. 
Tramway  motor,  130. 
controller,  131. 

—  systems,  129. 

.    Power  required  on,  132,  133. 

.    Supply  of  power  to,  236. 

Transfoimed  supply  systems,  217, 231,  232- 
234. 

Transformer,  187. 

— .    Action  and  efficiency  of  static,  IPO. 

— .    Auto,  534. 

— .    Berry,  196. 

— .    Booster,  204. 

— .    Cowan's  regulable,  197. 

— .     Current-character,  205. 

— .     Direct-current,  187,  2o2. 

— .     Efficiency  of,  190. 

~.     Faraday's,  191. 

— .     Ferranti,  195. 

— .    Johnson  and  Phillips',  194. 

— .     One-to-one,  234. 

— .     Phase,  200. 

— .    Principle  of  static,  188. 

— .     Rotary  or  motor,  187,  202,  232. 

— .    Self- regulating  action  of,  190,  201. 

— .    Static  booster,  197. 

— .    Three-wire,  197. 

Transformers.  Connection  between  chok- 
ing coils  and,  190. 

— .  Constant-potential  and  constant  cur- 
rent, 197,  207. 

— .    Construction  of,  191. 

—  on  polyphase  systems,  198, 199. 
— .    Special,  197. 

— .     Sections  of,  192. 

— .    Shell  and  Core,  193. 

— .    Step-down  and  step-up,  187,  189. 

— .    Theory  of  and  calculations  re,  201. 

— .    Two-  and  three-phase,  199. 

Transforming  stations,  219,  238,  239. 
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Transmission  dynamometer,  128. 

—  of  power,  147. 

Travelling  crane  or  traveller,  134. 

Tree  system  of  wiring,  219. 

Triphase  alternator  or  triphaser,  63,  65. 

—  current,  61. 
Triple-concentric  cable,  242. 

core  cable,  242. 

Trolley  bus  system,  129. 

wire  system  of  tramways,  129. 

Troughing.    Doulton,  241. 
— .    Howard,  241. 
— .    Sykes,  241. 
True  power,  59. 
Tudor  cells,  168. 
Tunnel  armatures,  67,  107. 
Turbine.    Steam,  74. 
Turbo-alternators,  74. 
Turning  force,  109. 
Twin-concentric  cable,  242. 

—  dynamos,  228  a. 
Two-phase  alternators,  63,  65. 
current,  61. 

motors.    See  Polyphase  motors. 

transformer,  199. 

pole  dynamos.    Design  of,  19,  20. 

rate  meter,  95. 

— wire  feeders.    Control  of  pressure  on, 
221. 

U. 

Underground  mains,  240. 

Uniphase  alternator  or  uniphaser,  63,  64. 

Unit  dynamo,  9. 

Units  of  torque,  109. 

Useful  power,  9,  59. 

V. 

Valency,  153. 

"  Valve."    Nodon,  209. 


Vehicles.    Electric,  185. 
Ventilating  fans,  134. 
Verity's  series  motor  regulator,  120. 
Virtual  E.M.F.  and  current,  45,  57. 

—  resistance,  49. 

—  watts,  59. 

Volts.    Effective,  56. 
— .    Impressed,  56,  57. 
— .    Virtual,  45. 

W. 

Walking  crane,  134. 
Ward-Leonard  motor  starter,  121. 

rheostat,  10. 

Water.    Electrolysis  of,  149. 
Wattage  loss,  214. 
Watt-hour,  211. 

efficiency  of  a  cell,  162. 

meter  or  integrating  wattmeter, 80,  67. 

Wattless  current,  59. 

Wattmeter.    Integrating,  80,  87. 

— .    Recording,  88. 

Watts.     Effective,    true^    apparent,    and 

virtual,  59. 
Wave-current,  32. 

—  winding,  143. 

Weight  efficiency  of  a  cell,  163. 

Westinghouse  meter,  87,  137. 

Winding  of  a  dynamo.  Connection  between 

field,  speed,  E.M.F.  and,  18. 

field  magnet,  23. 

— .    Non-inductive,  32. 

— .    Staggered,  138. 

— .    Star-connected,  143. 

— .    Wave,  143. 

Windings.    Alternator,  65. 

— .    Differential  and  Cumulative,  118. 

Witting,  Eborall  A  Co.'s  Heyland  motor, 

138a. 
Wright  demand  indicators,  97,  98. 

—  meter,  85. 
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Jack's  Cooking,  2s. 

Laundry  Work,  2s, 

Jacobi's  Printer's  Handbook,  5^. 

!  Vocabulary,  3^.  6d, 

Jukes-Browne's  Geology,  2s,  6d, 

Kapp*s     Electric    Transmission    of 

Energy,  lay.  6d, 

Transformers,  6s, 

Kirkman's     Science     of     Railways, 

12  vols.  61.  6s.  net. 

Lamps,  Electric,  Maycock,  6s. 

Land  Measuring  Tables,  CuUyer, 
2s.  (Sk/. 

Surveying,  Middleton,  $s. 

Surveying      and      Levelling, 

Walmisley,  6s.  net. 

Landolt's  Optical  Activity  and  Chemi- 
cal Composition,  4;.  6d, 

Lathes,  Horner,  21s. 

Small,  Lukin,  is.  6d.  net. 

Laundry  Work,  Jack,  2s, 

Leather  Work,  Leland,  5J. 

Leland's  Wood-carving,  5^. 

Metal  Work,  5^. 

Leather  Work,  5^. 

Drawing  and  Designing,  2j. 

Practical  Education,  6s, 

Lens  Work,  Orford,  3^. 

Lenses,  Photographic,  Taylor,  3J.  6d. 

Light,  Sir  H.  T.  Wood,  2s.  6d. 

Lightning  Conductors,  Lodge,  15^. 

Locomotive  Appliances,  Kirkman, 
lOf.  6d.  net. 

Engineer,  McDonnell,  \s. 

Locomotives,  Cooke,  7^.  6d, 

Development,  Cooke,  2s,  6d. 

Lodge's  Lightning  Conductors,  15^. 

Loppe  and  Bouquet's  Alternate 
Currents,  lay.  6d, 

Lubrication,  Wheeler. 

Lukin's  Small  Lathes,  \s.  6d.  net. 

Lunge  and  Hurter's  Alkali  Makers' 
Handbook,  loj.  6d, 

McDonnell,  How  to  become  a  Loco. 

Engineer,  is, 
Maginnis'  Atlantic  Ferry,  *js,  6d, 

Bricklaying,  *js.  6d. 

House  Framing,  5J. 

Roof  Framing,  5 j.  \2s,  6d, 

Magnetism  and  Electricity,  Ash  worth, 

Bottone,  2s,  6d, 

—  Houston,  2s.  6d. 

Maycock,  2s.  6d. 


Manual      Instruction,     Woodwork, 

Barter,  6s, 

Metal  Work,  Miller,  is.6d. 

Manures,  Griffiths,  7^.  6d,  \zs,  6d, 
Marine  Engineers,  advice  to,  Roberts, 
Drawing  and  Designing,  Roberts, 

6s, 
Drawing  Cards,  Sothern,  3^.  6d. 

net. 

Electric  Lighting,  Walker,  ^s, 

Questions  and  Answers,  Wan- 
nan  and  Sothern,  y,  6d,  net. 
Verbal     Notes    and    Sketches, 

Sothern,  4J.  6d.  net. 
Marshall's  Cakes,  is, 

Cookery,  is, 

Martin's  Structures,  \s, 
Massee's  The  Plant  Worid,  2s,  6d, 
Mathematical  Tables,  Hutton,  12s, 
Mathematics,    Elementary,    Hatton, 
May's  Ballooning,  2s,  6d,        \2s,  6d, 
Maycock's  Electricity  and  Magnetism, 

2s.  6d, 
Electric  Lighting  and     Power 

Distribution,  vol.  i.  6s. ;  vol.  ii.  Ts.6d. 
Alternating  Current  Circuit,  3J. 

Electric      Wiring,      Fittings, 

Switches,  and  Lamps,  6s. 

—  Details  Forms,  2s.  6d,  net. 

Electric  Wiring  Tables,  3^.  6d, 

Measurements,   Electrical,    Crapper, 

Houston,  5j.  \2s,  6d, 

Mechanical  Tables,  Foden,  is,  6d, 

Refrigeration,  Williams,  los.  6d, 

Mechanical  Engineer's  Pocket- Book, 
Medical  Terms,  Hoblyn,  icxr.  6d.    [5J. 
Merrill's    Electric    Lighting    Speci- 
fications, 7j.  6d. 

Tables     for     Street     Railway 

Engineers,  51. 

Metal  Turning,  Horner,  4J. 

Work,  Leland,  ^s. 

Miller,  y,  6d. 

Metric  System,  Wagstaflf,  is.  6d. 
Middleton's  Surveying,  Ss. 
Mill  Work,  Sutcliffe,  21s. 
Miller's  Metal  Work,  3^.  6d. 
Millinery,  Ortner,  2s,  6d, 
Mine,  Coal,  Boyd,  ys.  6d. 
Mineralogy,  Hatch,  2s,  6d.   [los.  6d, 
Model   Engine   Making,  Alexander, 
Modem  Safety  Bicycle,  Garratt,  31. 
Motor  Cars,  Farman,  ^s. 
Motors,  Electro,  Bottone,  3^. 

Ignition      Devices,      Bottone 

Houston,  5^.  [2s,  6d.  nel 
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Motors,  Hydraulic,  Bodmer,  15^. 
Municipal    Electricity  Supply,  Gib- 
bings,  lOJ.  6d, 

Nadi^ine,  Drainage,  ix. 
Neumann's  Electrolytic  Analysis,  6s, 

Optical  Activity  and  Chemical  Com- 
position, Landolt,  4^.  6d. 

Optical  Instruments,  Orford,  2s.  6d. 

Optics,  Geometrical,  Blakesley, 
2s,  6d,  net. 

of  Photography,  Taylor,  31. 6d, 

Orford's  Lens  Work,  3^. 

Optical  Instruments,  2s.  6d. 

Organic  Chemical  Manipulation, 
Hewitt,  4J.  6d, 

Ortner's  Millinery,  2s.  6d, 

Owen's  Telephone  Lines,  51. 

[i2s,  6d, 

Parham  and  Shedd's  Dynamo  Testing, 

Porkhurst's  Dynamo  Building,  $s. 

Pattern  Making,  Homer,  3^.  6d, 

Periodic  Classification  and  Chemical 
Evolution,  Rudorf ,  4s,  6d. 

Petroleum,  Boyd,  2s, 

Photographic  Lenses,  Taylor,  35.  6(i, 

Physical  Chemistry,  Reychler,  4s.  6d. 

Pickworth's  Indicator,  2  vols.,  31. 
each  net. 

Slide  Rule,  2s, 

Pipes  and  Tubes,  Bjorling,  3J.  6r/. 

Plant  World,  Massee,  2s.  6d, 

Plant^'s  Electric  Storage,  12s, 

Ponce  de  Leon's  Spanish  Techno- 
logical Dictionary,  2  vols.  3/.  %s, 
net. 

Poole's  Telephone  Handbook,  51, 

Practical  Education,  Leiand,  dr. 

Pratt  and  Alden's  Street   Railroad 

Preece's  Telephony,  151.     [Bed,  loj. 

Price's  Hoblyn's  Dictionary  of  Medical 
Terms,  los,  6d. 

Printer's  Handbook,  Jacobi,  $s. 

Quantities,  Davis,  31.  6d.  net. 

Radiography,  Bottone,  ys. 

Railway    Building    and    Repairing, 

Kirkman,  los.  6d,  net. 

Management,  Findlay,  ^s,  6d, 

Material  Inspection,  Bodmer,  5j. 

Science  of,  Kirkman,   12  vols. 

6/.  6s,  net 

Vocab.,   French-English,     Ser- 

•     '-'Mier,  7j.  6d.  net. 

Slectric,  Hering,  $s. 


Refrigeration,  Williams,  los.  6d, 

Rep<rass^,  Leiand,  5^. 

Reychler's  Physical  Chemistry,  41. 6d, 

Rider's  Electric  Traction. 

Roberts'  Drawing  for  Marine  Engin- 
eers, dr. 

Advice  to  Marine  Eng.,  25,  6d, 

Rontgen's  X  Rays,  Bottone,  y. 

Roof  Framing,  Maginnis,  5^. 

Rudorf's  Periodic  Classification  and 
Chemical  Evolution,  4s,  6d, 

Russell's  Electric  Cables,  \os,  6d, 

Safety  Bicycle,  Garratt,  y,      [tions: 
Salomons'    Electric   Light    Installa- 
Vol.  I.,  Accumulators,  5^. 
Vol.  II.,  Apparatus,  'jsf'6d. 
Vol.  III.,  Applications,  51. 

Vacuum  iTubes,  2s, 

Sanitary  Drainage,  is, 

Fittings,  Satcliffe,  5^.  net. 

School    Calendar,   Scholarships  and 

Exams.,  is,  net. 
Serraillier's  Railway  Vocab.,  French- 
English,  *js,  6d,  net 
Sewage  Treatment,  Slater,  6s, 
Shenton's  Sewerage  Treatment,  2s,6d. 
Shepardson's  Electrical    Catechism, 
Slater's  Sewage  Treatment,  6s,   [loj. 
Slide  Rule,  Pickworth,  2s, 
Sloyd,  English,  Barter,  6s, 
Sothem's  Verbal  Notes  and  Sketches 
for  Marine  Engineers,  ^r.  6d,  net. 

Questions    and     Answers     for 

Marine  Engineers,  35.  6d,  net. 
Drawing  Cards  for  Marine  En- 
gineers, 3^.  6d,  net. 
Southam's  Elect.  Engineering,  3^.  6d, 
Spanish    Technological    Dictionary, 

2  vols.,  d&r.  net. 
Specialists'  Series. 
Steam  Jacket,  Fletcher,  3^.  6d, 

Locomotives,  Cooke,  7j.  6d, 

Model,  Alexander,  lor.  6d, 

Power   and    Mill    Work,  Sul- 

cliffe,  21  s. 
Steamships,  Atlantic,  Maginnis,  ^s,  6d, 
Steel  Works  Analysis,  Arnold,  lor.  6d, 
and    Iron  Structures,   Twelve- 
trees,  dr.  net. 

Bars,  Tables  of,  Barker,  jls, 

Steinmetz's  Alternate  Current  Phe- 
nomena, 2or. 

Electrical  Engineering,  I2f.  6d, 

Stevenson's  Trees  of  Commerce, 
^s,  6d, 
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Still's  Alternating  Currents,  $s. 
Storage  Battery,  Tread  well,  Js,  6d,  net. 
Street  Railroad,  Pratt  and  Alden,  lo^. 
Stresses  and  Strains,  Farrow,  5^.  net. 
Structural  Iron  and  Steel,  Twelve- 
trees,  6j.  net. 
Structures,  Martin,  4^. 
Stubbs'  Telephony,  151. 
Surveying,  Middleton,  5j. 

Walmisley,  *js.  6d,    [Work,  21s, 

SutclifTe's   Steam  .Power    and    Mill 

Sanitary  Fittings,  $s. 

Switches,  Electric,  Maycock,  6s, 

[3^.  6^. 

Tables,    FJprtrin    Wiring.    Mavrnrk. 

Mathemati 

Mechanical 

Taylor's    Optics 

y.  6d, 
Teacher's  Hand) 

Miller,  3J.  6d, 
Technological  D 
Telegraphy,  Hei 

Houston,  5 

Wireless,  I 

Telephone  Syste 

Office,  Herbei 

Handbook, 

Lines,  Ow< 

Telephony,  Pree 
Thompson's  Che 
Thomson's  Apotl 

25.  net. 
Thwaite's  Gaseoi 
Timber  Merchan 
Traction,  Electri 
Transformers,  K 

Still,  5j. 

Treadwell's  Stoi 
Trigonometry,  A 
Tubes  and  Pipes, 

Vacuum,  Sj 

Turbines    and 

Bodmer,  15J. 
Turning  Lathes, 

Metal,  Hor 

Twelvetrees'    Sti^t 

Steel,  6j.  net 


Vacuum  Tubes,  Salomons,  2^*. 
Verbal  Notes  and  Sketches  for  Mari; 
Engineers,  Sothem,  4^.  6d,  net. 
Volumetric  Analysis,  Coppock, 


WagstafTs  Metric  System,  is. 

Walker's  Electricity  in  Homes,  6^: 

Electric   Lighting    for    Marine 

Engineers,  5^. 

Wallis's  Dynamo,  15J. 

Wallis-Tayler's  Bearings  and  Lubri- 
cations, 3^.  6d, 

Sugar  Machinery,  5^. 

Walmisley's  Field  Work  and  Instru- 
mentft—fijc-jiAt 
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Yeaman's  Electricity  Supply,  los,  6d. 
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